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This invention relates to a stereoselective glycosylation process for preparing 2'-deoxyfluoronucleosides 
and to intermediates of that process. 

The continued interest in the synthesis of 2 -deoxyf luoronucleosides and their analogues is predicated on 
their successful use as therapeutic agents for treating viral and cancerous diseases. A compound of particular 
interest is gemcitabine; see European Patent Specification No. 211354 and U.S. Patent No. 4.526,988. Since 
these compounds are p nucleosides, there is a need to provide such compounds in high yield. 

A critical step in the synthesis of 2'-deoxyfluoronucleosides is the condensation or glycosylation of the 
nucleobase and carbohydrate to form a N-glycoside bond. However, processes for synthesis of 2 -deoxynu- 
cleosides are typically non-stereoselective forming mixtures of a and p nucleosides. For instance, U.S. Patent 
4,526.988 did not stereoselectively produce 2-deoxy-2.2-difluoro-p- nucleosides but instead produced a 4:1 a 
to p anomer ratio of 2-deoxy-2,2-difluoronucleoside. Even optimizing the protecting groups could not increase 
the a to p ratio beyond 1:1; see U.S. Patent No. 4,965,374 which utilized benzoyl blocking groups on the car- 
bohydrate. 

According to the present invention there is provided a stereoselective glycosylation process for preparing 
a p anomer enriched nucleoside of the formula 


HQ 


20 


25 



HO T 


40 


50 


wherein T is selected from hydrogen orfluoro and R is a nucleobase selected from the group consisting of 
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wherein Ri is selected from the group consisting of hydrogen, aikyl. substituted alkyi and halo; R2 is selected 
from the group consisting of hydroxy, halo, azido, primary amino and secondary amino; R3 is selected from 
the group consisting of hydrogen, alkyI, and halo; R4, R5 and R^ are Independently selected from the group 
consisting of hydrogen, -OH, -NH2, N(alkyl), halo, alkoxy and thioalkyi; R7 is selected from the group consisting 
of hydrogen, halo, cyano, alky I, alkoxy, alkoxycarbonyl, thioalkyi, thiocarboxamide and carboxamide; Q is se- 
lected from the group consisting of CH, CRg, and N; wherein Rg is selected from the group consisting of halo, 
carboxamide, thiocart>oxamide, alkoxycarbonyl. and nitrile, comprising the Sn2 nucleophilic displacement of 
a sulfonyloxy group (Y) from a a anomer enriched carbohydrate of the formula 


30 


35 



(II) 


40 


wherein X is independently selected from hydroxy protecting groups and T is as defined above; with at least 
a molar equivalent of a nucleobase (R") selected from the group consisting of 
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wherein Ri through R7 and Q are as defined above and; Z is a hydroxy protecting group; W is an amino pro- 
tecting group; and M"^ is a cation; and deblocking to form the compound of the formula (I). 

Throughout this document, all temperatures are in degrees Celsius, all proportions, percentages and the 
like are in weight units and all mixtures are in volume units, except where otherwise indicated. Anomeric mix- 
tures are expressed as a weight/weight ratio or as a percent. The term "lactol" alone or in combination refers 
to a 2-deoxy-2,2-dif luoro-D-ribofuranose or 2-deoxy-2-f luoro-D-ribofuranose. The term "xylenes" alone or in 
combination refers to ail isomers of xylene and mbctures thereof. The term "carbohydrate" alone or in combin- 
ation refers to an activated lactol wherein the hydroxy group at the C-1 position has been replaced by a desir- 
able leaving group. The term "halo" alone or in combination refers to chloro, iodo, f luoro and bromo. The term 
"alkyl" atone or in combination refers to straight, cyclic and branched chain aliphatic hydrocarbon groups which 
contain from 1 to 7 carbon atoms and preferably contain up to 4 carbon atoms, such as methyl, ethyl, n -propyl, 
isopropyl, n-butyl, t-butyl, n-pentyl, n-hexyl. 3-methylpentyl groups and the like or substituted straight, cyclic 
and branched chain aliphatic hydrocarbons, such as chloroethyl. 1.2-dichloroethyl, and the like. The term "al- 
koxy* alone or in combination refers to compounds of the general formula AO; wherein A is alkyl. The term 
"aryl" alone or in combination refers to carbocydic or heterocyclic groups such as phenyl, naphthyl, thienyl 
and substituted derivatives thereof. The term "thioalkyl" alone or in combination refers to the general formula 
BS; wherein B is alkyl or hydrogen. The term "ester" alone or in combination refers to the general formula 
EOOC; wherein E is alkyl or aryl. The term "aromatic" alone or in combination refers to benzene-like structures 
containing (4n+2) delocaiized n electrons. The terms "sulfonate" or "sulfonyloxy" alone or in combination refer 
to compounds of the general formula BSO3; wherein B is alkyl, substituted alkyl, aryl or substituted aryl. The 
term "substituted" alone or in combination refers to a substitution by one or more of the groups selected from 
cyano, halo, carboalkoxy, toluoyi, nitro, alkoxy, alkyl, and dialkylamino. The phrase "anomer enriched" alone 
or in combination refers to an anomeric mixture wherein the ratio of a specified anomer is greater than 1:1 and 
includes substantially pure anomer. The term "concentrated" alone or in combination refers to a solution where- 
in the weight of carbohydrate dissolved in solvent is greater than 20 percent by weight per unit volume of sol- 
vent. For example, dissolving 100 grams of carbohydrate in 200 millfliters of solvent would form a 50 percent 
carbohydrate solution. The term "conjugate anion" refers to an anion of the general formula BSO3-; wherein 
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B is as defined above. The term "anomerization" alone or in combination refers to epimerization at the C-1 
position of the ribofuranosyl derivative. 

In accordance with the present glycosylation process, beta-anomer enriched 2 -deoxy-2',2'-difluoronu- 
cleosides and 2'-deoxy-2'-fluoronucieosides of formula (I) is prepared by reacting an a anomer enriched car- 
bohydrate of formula (II) with at least a molar equivalent of a nucleobase (R") and deblocking the resulting 
nucleoside as shown below: 


10 


15 



20 


25 


vvherein Y, X, T, R" and R are as defined above. It is believed that the glycosylation reaction proceeds via S|s,2 
displacement Therefore, the p anomer enriched nucleoside products of the present invention are stereose- 
lectively derived from the reaction of the nucleobase with an a anomer enriched carbohydrate. 

The lactol starting materials suitable for use In preparing the a anomer enriched carbohydrate of formula 
(II) used in the present glycosylation process are known in the art and are readily synthesized by standard 
procedures commonly employed by those of ordinary skill in the art For example. U.S. Patent 4,526.988. in- 
corporated herein by reference, teaches the synthesis of a 2.2-difluoro-2-deoxy-D-ribofuranoses intermediate 
of the formula 


30 


35 



OH 


(III); 


wherein X is a hydroxy protecting group. In addition, Reichman, et at. Cart)Ohydr . Res ., 42, 233 (1 975) teaches 
the synthesis of a 2-deoxy-2-fluoro-D-ribofuranoses intermediate of the formula 
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wherein X is a hydroxy protecting group. In a preferred embodiment of the present process, an aanomer en- 
riched 2.2-difluoro-2-deoxy-D-ribofuranose-3,5-dibenzoate intermediate of formula (III) is employed. 

A key feature of the present invention is the discovery that novel a anomer enriched carbohydrate inter- 
mediate of formula (III) or (IV) can be reacted under nudeophilic displacement conditions which favor inversion 
(i.e. Sn2 ) to provide the p anomer enriched nucleosides of formula (I). 

To obtain an efficient reaction between the nucleobase and the a anomer enriched carbohydrate of formula 
(II), an appropriate leaving group (Y) must be stereoselectively attached to the lactol to activate the lactol and 
generate the a anomer enriched carbohydrate of formula (II). However, the leaving group selected depends 
on the nucleobase chosen and the glycosylation reaction conditions selected. 

The preparation of the a anomer enriched carbohydrate Intermediate of formula (II) is preferably prepared 
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by the teachings described in our two co-pending applications of even date, reference number X-8623 and X- 
8407, copies of the specifications of which are being filed herewith. 

X-8623 teaches a stereoselective process for preparing the a anomer enriched intermediate of formula 
(II) wherein T is fluoro by reacting a lactol of formula (III) with an amine base, having a pKa of from 8 to 20, in 
a low freezing inert solvent; adjusting the temperature of the reaction mixture from about -40*'C to about-120''C; 
and adding a sulfonating reagent. 

The amine base is preferably selected from the group consisting of triethylamine. triethylamine. tributyla- 
mine. dibutylamine, diethylmethylamine, dimethylethylamine, benzylmethylamine, N-methylmorpholine. tri- 
propylamine. dipropylethyiamine, N,N-dimethylbenzylamine, diiso propyl ethyl amine, diethylamine. 1,8-diaza- 
bicyclo[5.4.0]undec-7-ene and 1,5-diazabicyclo[4.3.0]non-5-ene. The amount of base preferably employed 
ranges from about 1 molar equivalent to at)Out 2 molar equivalents and more preferably from about 1 .2 molar 
equivalents to about 1.5 molar equivalents. 

The reaction is carried out in an inert solvent having a freezing point temperature preferably below -78^C. 
Preferred solvents are selected from the group consisting of dichloromethane. 1,2-dichloroethane, dichloro- 
fluoromethane, acetone, toluene, anisole, chlorobenzene, and mixtures thereof. 

The temperature of the solvent mixture is preferably below about -78**C. For example, a compound of for- 
mula III, where X is benzoyl, was added to dichloromethane and triethylamine at room temperature for 30 min- 
utes. Next, the temperature of the reaction was lowered. An ^^F NMR, was taken at various temperatures and 
showed that an increase in the a to p anomer ratio of the ionized lactol occurred as the temperature was low- 
ered: 


Temperature 

Alpha/Beta Ratio 

19X 

2.0:1 

-3°C 

2.3:1 

-23*>C 

2.5:1 

-43^C 

3.0:1 


3.6:1 

-83°C 

4.4:1 


The ionized lactol is then trapped in solution at the lower temperature and higher aanomer ratio by adding 
a sulfonating reagent to form the aanomer enriched carbohydrate of formula (II). Thus, by appropriate selection 
of the temperature it is posssible to vary the a to p ratio of the carbohydrate intermediate starting material. 

The leaving group (Y) is attached to the lactol by sulfonation. The sulfonating reagents are preferably se- 
lected from the group consisting of substituted and unsubstituted alkyt sulfonating halides.substituted and un- 
substituted aryl sulfonating halides and alkyi sulfonic acid anhydrides and aryl sulfonic acid anhydrides such 
as. methanesulfonyl halide, ethanesulfonyl haiide, 2-chloro-1-ethanesulfonyl halide. p-nitrobenezenesulfonyl 
halide. 2,4-dinitrobenzenesulfonyl halide. bromobenzenesuffony! halide, dibromobenzenesulfbnyl halide, ben- 
zenesulfonicacid anhydride. 2-bromot)enzenesulfonicacid anhydride and methanesulfonic acid anhydride and 
substituted and unsubstituted fluoro alkyI and fluoro aryf sulfonating halides and fluoro alkyl and fluoro aryl 
sulfonic acid anhydrides such as. trifluoromethanesulfonyl anhydride, trifluoromethanesulfonyl halide, 1,1.1- 
trifluoroethanesulfonyl halide. 1,1.1-trifluoroethanesulfonyl anhydride, octaflic acid halide. octaflic acid an- 
hydride, nanof lie acid haltde and nanof lalic acid anhydride, depending on the leaving group desired; more pre- 
ferred is methanesulfonyl halide. a anomer enriched cart>ohydrate intermediates prepared from ionized lactols, 
especially carbohydrates containing trifluoromethane sulfonyloxy, are unstable at room temperature and there- 
fore are preferably reacted with the nucleobase in-situ. Also, due to the reactivity of the sulfonating reagents, 
it may be desirable to carry out the glycosylation reaction in a batch or continuous mode for large scale oper- 
ations. 

a anomer enriched intermediates of formula (II) wherein T is hydrogen may be prepared in a similar manner, 
except a lactol of formula (IV) is used as the starting material.. 

X-8407 teaches a second stereoselective process for preparing the a anomer enriched intermediates of 
formula (II) wherein T is fluoro by treating a beta-anomer ribofuranosyl sulfonate of the formula 
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Wherein Y is a sulfonate and each X Is independenUy selected from hydroxy protecting groups with a source 
of a conjugate anion of a sulfonic acid, at elevated temperatures, in an inert solvent. 

The conjugate anion of a sulfonic acid may be derived from a number of sources known to one of ordinary 
skill in the art These indude: 

(a) neutralizing an alkyi or aryl sulfonic acid such as 1-methanesulfonic acid, p-methylbenzene sulfonic 
acid, ethanesulfonicacid, p-toluenesulfonicacid, benzenesulfonic acid, p-bromobenzenesulfonicacid and 
camphorsulfonic acid with an alkali metal base such as sodium hydroxide, sodium hydride, potassium hy- 
droxide, potassium t-butoxide, sodium nf>ethoxide and the like; 

(b) neutralizing the alkyi or aryl sulfonic acids above with an amine base such as triethylamine, trimethy- 
lamlne, N.N-dimethylbenzylamine or N-methylmorpholine or with an aromatic nitrogenous base such as 
pyridine. Examples of conjugate anions of sulfonic acids prepared by this method include triethylammo- 
nium methanesulfonate, trimethyfammonlum methanesulfonate, N,N-dimethylbenzylammonium metha- 
nesulfonate, pyridinium methanesulfonate, triethylammonium (p-bromoben2ene)sulfonate, tetraethylam- 
monium (p-bromoben2ene)sufonate, tetraethylammonium(p-toluene)sulfonate, pyridinium(p-toluene)sul- 
fonate and pyridiniunvS-nitrobenzenesulfonate; more preferred is triethylammonium methanesulfonate 
and 

finally (c), the conjugate anion of a sulfonic acid may be generated in-situ by reacting 2-deoxy-2,2-dif luoro- 
D-ribofuranose with a sulfonic anhydride such as benzenesulfonic anhydride, p-bromobenzenesulfonic an- 
hydride or methanesulfonic anhydride, in a base such as triethylamine. The products of the reaction are 
for example 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-di-0-benzoyl-1 -methanesulfonate and triethylam- 
monium methanesulfonate. 

The beta-anomer ribofuranosyl sulfonate and conjugate anion sulfonic acid are heated from about 50°C 
to about 130°C and more preferably to the reflux temperature of the solvent mixture. 

Solvents suitable for use in the anomerization process must be inert to the reaction condittons; preferred 
35 are acetonitrile. 1,2-dichloroethane. 1.1,2-trichloroethane, chlorobenzene, bromobenzene, dichlorobromome- 
thane, anisole, glyme, diglyme, methyl tert-butyl ether, tetrahydrofuran, dioxane, ethyl acetate, toluene xy- 
lenes, pyridine, N-methylpyrrolidinone, N,N-dimethylformamkle. 1 .3-dimethyl-2-imldazolidinone, N,N-dime- 
thylacetamide, and mixtures thereof; most preferred are anisole, toluene, glyme, acetonitrile and mixtures 
thereof. 

40 A catalyst selected from crown ethers or phase transfer catalyst may be added to increase the solubility 

and nudeophilicity of metal salts used as the source of the conjugate anion of the sulfonic acid; preferred cat- 
alyst are selected from 18-Crown-6. 15-Crown-5. 12-Crown-4 and tris[2-(2-methoxyethoxy)ethyl]amine 

This process is carried out under atmospheric conditions and preferably anhydrous and conditions is sub- 
stantially complete in about 1 5 minutes to about 24 hours. The resulting alpha-anomer enriched carbohydrates 
45 of formula (II) are prepared in an anomeric ratio of from about 2.3:1 to 3.0:1 alpha to beta. 

a anomer enriched intermediates of Formula (II) wherein T is hydrogen may be prepared in a similar man- 
ner, except a lactol of Formula (IV) is used as the starting material. 

Glycosylation reactions typically require protecting the hydroxy groups of the lactol prior to their use to 
prevent their hydroxy groups from reacting with the nudeobase, or being decomposed in some manner Hy- 
droxy protecting groups (X), suitable for use in the present glycosylation process, are independenUy chosen 
from known protecting groups used in synthetic organic chemistry. Each hydroxy protecting group selected is 
preferably capable of being efficiently placed on the lactol and easily removed therefrom once the glycosylation 
reaction is completed. Hydroxy protecting groups known in the art are described in Chapter 3 of Protective 
Groups in Organic Chemistry, IVIcOmie Ed., Plenum Press, New York (1973), and Chapter 2 of Protective 
Groups in Orflanic Synthesis , Green, John. J. Wiley and Sons. New York (1981); preferred are ester forming 
groups such asformyl, acetyl, substituted acetyl, propionyl, butynyl, pivalamldo, 2-chloroacetyl benzoyl sub- 
stituted benzoyl, phenoxycarbonyl, methoxyacetyl; carbonate derivatives such as phenoxycarbonyl ethoxy- 
carbonyl, t-butoxycarbonyl, vinyloxycarbonyl, 2,2.2-trichloroethoxycarbonyl and benzyloxycarbonyl- alkyi 
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ether forming groups such as benzyl, diphenylmethyl, triphenylmethyl. t-butyl, methoxymethyl, tetrahydropyr- 
anyl, allyl. tetrahydrothienyl, 2-methoxyethoxy methyl; and silyl ether forming groups such as trial kylsilyl. tri- 
methylsilyl, isopropytdialkylsilyl. alkylditsopropylsityl, triisopropylsilyl, t-butyldialkylsilyl and 1,1,3,3-tetraisopro- 
pyfdisloxanyl; carbamates such as N- phenyl carbamate and N-imidazoyI- carbamate; however more preferred 
5 are benzoyl, mono-substituted benzoyl and disubstituted benzoyl, acetyl, ptvaloyi, triphenylmethyl ethers, and 
silyl ether forming groups, especially t-butytdimethytsilyl; while most preferred is benzoyl. 

In attaching the hydroxy protecting groups to the lactol, typical reaction conditions are employed and de- 
pend on the nature of the hydroxy protecting group chosen. Typical reaction conditions are described in U.S. 
Patent 4,526,988. 

10 In accordance with the present process, at least an equimolar amount of nucleobase (R") is employed, 

relative to the amount of carbohydrate employed. However, It is more preferable to use an excess of nucleobase 
ranging from about 1 molar equivalent to 30 molar equivalents; more preferably from about 10 molar equivalents 
to 20 molar equivalents; and most preferably from about 15 molar equivalents to at>out 20 molar equivalents. 
The nucleobases (R") employed herein are commonly known to organic chemists and no discussion of 

15 their synthesis is necessary. However, in order to be useful in the present glycosylation process, the nucleo- 
base or their tautomeric equivalents that bear amino or hydroxy groups should preferably contain protecting 
groups such as primary amino protecting groups (W) and/or hydroxy protecting groups (Z), depending on the 
nature of the nudeobase. The protecting group prevents the hydroxy or amino groups from providing a conrv 
peting reaction site for the a -anomer enriched carbohydrate. The protecting groups are attached to the nu- 

20 cleobase (R") before it is reacted with the alpha-anomer enriched carbohydrate of formula II and are removed 
subsequent thereto. A procedure for attaching the protecting groups to the nucleobases is described in U. S. 
Patent 4.526,988. 

Preferred amino protecting groups (W) for pyrimidine nucleobases are selected from the group consisting 
of silyl ether forming groups such as trialkylsilyl, t-butyldialkylsilyl and t- but yldiaryl silyl; carbamates such as 

25 t-butoxycarbonyl, benzyloxycarbonyt. 4-methoxybenzyloxycarbonyl. and 4-nitrobenzyloxycarbonyl; formyl, 
acetyl, benzoyl and pivalamido; ether forming groups such as methoxymethyl, t-butyl, benzyl, allyl and tefra- 
hydropyranyl; more preferred is trimethylsilyl. Preferred amino protecting groups (W) for purine nucleobases 
are selected from the group consisting of alkylcarboxamldes, haloalkylcarboxamides and arylcarboxamides 
such as 2-frialkylsilylethoxy methyl, 4-methoxy benzyl, 3,4-dimethoxy benzyl, t-butyl, phthalamido, tetrahydro- 

30 pyranyl. tetrahydrofuranyl, methoxymethyl ether, methoxythiomethyl, trityl, pivalamido, t-butyldimethylsilyl, t- 
hexyldimethylsilyl. triisopropylsilyl, trichloroethoxycarbonyl, frifluoroacetyl. naphthoyi, formyl, acetyl; sulfona- 
mides such as alkylsulfonamido and arylsulfonamido, and more preferred is pivalamido. Besides serving as 
an amino protecting group, the pivalamido protecting group increases the solubility of notoriously insoluble pur- 
ine nucleobase derivatives and directs the N-glycosidic coupling of the purine bases to the 9 regioisomer as 

35 opposed to the 7 regioisomer. 

Preferred hydroxy protecting groups (Z) for pyrimidine nucleobases are selected from silyl ether forming 
groups such as trialkylsilyl; carbamates such as t-butoxycarbonyl, benzyloxycarbonyl, 4-methoxybenzyloxy- 
carbonyl and 4-nitrobenzyloxycarbony1; carbocyclic esters such as formyl, acetyl, and pivalamido; preferred 
is trimethylsilyl. Preferred hydroxy protecting groups (Z) for purine nucleobases are selected from the group 

40 consisting of ether forming groups such as benzyl, t-tnjtyl. trityl, tefrahydropyranyl. tetrahydrofuranyl. methox- 
ymethyl, trityl; esters such as formyl, acetyipropionyl, pivalamido, benzoyl, substituted benzoyl; carbonates 
such as carbobenzoxy, t-butoxycarbonyl, carbethoxy, vinyloxycarbonyl; carbamates, such as N,N-dialkylcar- 
bamoyl; trialkylsilyl ethers such as t-butyltrimethylsilyl, t-hexyldimethylsilyl, triisopropylsilyl; more preferred is 
pivalamido. 

45 In providing protecting groups to the nucleobases of the present process, the protecting group itself may 

be protected. For example, N-acetylcytosine may be protected with trimethylsilyl to give bisfrimethylsilyl-N- 
acetylcytosine. 

In addition, it is often advisable to convert any keto oxygen atoms on the nucleobase to enol form. This 
makes the nucleobase more aromatic and enhances the reactivity of the nudeobase with the alpha-anomer 
50 enriched carbohydrate of formula (II). It is most convenient to enolize the keto oxygens and provide silyl pro- 
tecting groups for them. 

Although not critical, it is advisable that the reaction between the a anomer enriched carbohydrate of for- 
mula (II) and the nucleobase be carried out in a dry atmosphere, e.g. in dry air, nitrogen or argon. This is be- 
cause certain nucleobase derivatives such as silylated nudeobase derivatives are moisture sensitive. 
55 Any solvents used to prepare the nudeobase may be removed prior to the glycosylation reaction or ad- 

mixed with the reaction solvent, provided the admixture is inert to the glycosylation reaction. 

In the case where the glycosylation reaction is carried out in a reaction solvent, the solvent must be inert 
to the glycosylation reaction. However, as previously mentioned, the particular reaction solvent employed will 
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depend on the glycosyiation reaction conditions (e.g. reaction temperature, solvent), leaving group and nude- 
obase employed. 

The glycosyiation reaction can be carried out at a temperature ranging from about 170°C to about -120*^0 
under atmospheric conditions and is typically substantially complete in about 5 minutes to about 20 hours. 

The progress of the present process may be followed by procedures well known to one of ordinary skill in 
the art such as high pressure liquid chromatography (HPLC) or thin layer chromatography (TLC) which can 
be used to detect the formation of nucleoside product. 

When the reaction is effected in solution, it is preferred t hat a h igh boiling inert solvent and a solution having 
a carbohydrate concentration of at least a 20 percent carbohydrates be used. A carbohydrate concentration of 
from about 20 percent to about 70 percent is preferred; and about 30 percent to about 70 percent is more pre- 
ferred; while about 30 percent to about 50 percent is most preferred. Suitable reaction temperatures range from 
about 70X to about 1 70°C. 

The high boiling solvent preferably has a boiling point above about 70°C and is selected from the group 
consisting of non-nucieophilic. aromatic, haloalkyl. alkoxy and halo substituted aromatic solvents, and mixtures 
thereof. Preferred are solvents are 1.2-dichloroethane. 1.1.2-trichloroethane. glyme, diglyme. toluene, xy- 
lenes, anisole. dichlorobromomethane. chlorobenzene. dibromochloromethane. tribromomethane. dibromo- 
methane. acetonitrile. propionitiile. dioxane, and mixtures thereof while more preferred is anisole. 

The a anomer enriched carbohydrate of formula (II) used with high boiling solvents contain a sulfonoyloxy 
group selected from alkylsulfonyloxy. arylsulfonyloxy. substituted alkylsulfonyloxy and substituted aryisulfony- 
loxy such as. methanesulfonyloxy. 2-chloro-1-ethanesuIfonyIoxy. toluenesulfonyloxy. p-nitrobenzenesulfony- 
loxy and p-bromobenzenesulfonyloxy. 

The nucleobase (R") preferred for use with high boBing solvents are those selected from the group con- 
sisting of 
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wherein R^, R3 , Z and W are as defined above. 

When the a anonner enriched carbohydrate of formula (II) contains a fluoro sulfonyloxy group it is unstable 
at temperatures above room temperature. Therefore, glycosylation reactions employing these sulfonyloxy 
groups must be carried out a temperature at or below room temperature. When the glycosylation reaction is 
run under these conditions the solvent must be low freezing. Preferred temperatures for the reaction range 
from about 25**G to about -120°C. In which case, the preferred solvents are selected from the group consisting 
of dichloromethane, 1,2-dichloroethane, dtchlorofluoromethane, acetone, toluene, anisole, chlorobenzene, 
and mixtures thereof; more preferred Is dichloromethane. However, the optimum glycosylation reaction tem- 
perature employed at low temperatures depend on the leaving group (Y). For example, when the leaving group 
is trifluoromethanesulfonyloxy, the preferred reaction temperature ranges from atxjut -SO^'C to about 25*^0; 
while about -20*C to about 25**C is more preferred. However, when the leaving group is 1 ,1 , 1-trifluoroet hane- 
sulfonyloxy, octaf luorobutanesulfonyloxy or nanofluorobutanesulfonyloxy, the preferred reaction temperature 
ranges from about -20°C to about 25*'C; while about 0**C to about 25**C is more preferred. 

The nucleobase (R") preferred for use under low temperature conditions are those selected from the group 
consisting of 


OZ 



NHW 



ZO 


35 


40 


NHW 



CH=CHR3 


ZO 



CH=CHR3 


45 


50 


NHW 


- IN 


and 


ZO 



wherein R,, R2, R3, Z and W are as defined above. 
55 The nucleobase (R") may optionally be converted to a metal cation salt to enhance its nucleophilic reactivity 

with the alpha-anomerenriched carbohydrate of formula (11) (i.e. anion glycosylation). These nucleobase cation 
salts are prepared by adding a base to the nucleobase in a solvent The base may be selected from the group 
consisting of sodium t-butoxide, sodium hydride, sodium methoxide, sodium ethoxide, lithium hydride, potas- 
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sium hydride, potassium hydroxide, potassium methoxide, potassium ethoxide and potassium t-butoxide. Al- 
ternatively, the base may be selected from trialkylamine or tetraalkylammonium. Suitable inert solvents for the 
reaction may be selected from the group consisting of acetonitrile, dimethylformamide. dimethylacetamide, 
1,3-dimethyi-2-imidazolidinone, tetrahydrofuran. sulfolane, N-methylpyrrolidinone, dimethylsulfoxide, and 
5 mixtures thereof. The solvent may be removed prbr to the glycosylation reaction or admixed with the glyco- 
sylation reaction solvent, provided the admixture is substantially inert to the glycosylation reaction. Suitable 
reaction temperatures range from about 23°C to about 1 SO^C 

The nucleobase (R") is preferably selected from the group consisting of 

10 OZ 02 
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10 . 

wherein through R7, Z. W and are as defined above. 

The a anomer enriched carbohydrate of formula (II) under these conditions contains a sulfonoyloxy group 
selected from alkylsulfonyloxy, aryisulfonyioxy, substituted alkylsulfonyloxy, substituted arylsulfonyloxy, f luoro 
alkylsulfonyioxy and f luoro arylsulfonyloxy such as, trifluoromethanesulfonyloxy, 1 .l.l-trifluoroethanesulfony- 
ts loxy, octafluorobutanesulfonyloxy, nanofluorobutane -sulfonyloxy, methanesulfonyioxy. 2-chloro-1- 
ethanesulfonyloxy, toluenesulfonyloxy, p-nitrot>enzenesulfonyloxy and p-twomobenzenesulfonyloxy. 

As previously noted, fluoro sulfonyloxy groups of formula (II) tend to be unstable at higher temperatures 
and the above reaction with the metal cation salt nucleobases should be effected using a low freezing inert 
solvent with such groups. Preferred temperatures for the reaction range from about 25**C to about -120^*0. 
20 The glycosylatlon reaction may also be run in the absence of solvent (i.e. fusion glycosylation). Obviously, 

the temperature employed must be sufficient to convert the a anomer enriched cartx)hydrate intermediate of 
formula (II) and nucleobase to molten phase. Preferred reaction temperatures range from about 100^*0 to about 
160**C; however more preferred is about 110°C to about 150°C; while most preferred is about 130*'C to about 
150*^0. 

25 The a anomer enriched carbohydrate of formula (II) under fusion conditions contain a sulfonoyloxy group 

selected from alkylsulfonyloxy, arylsulfonyloxy. substituted alkylsulfonyloxy and substituted arylsulfonyloxy 
such as, methanesulfonyloxy, 2-chloro-1-ethanesulfonyloxy, toluenesulfonyloxy, p-nltrobenzenesulfonyloxy 
and p-bromobenzenesulfonyloxy. 

The nucleobase (R") suitable for use under fusion conditions is preferably selected from the group con- 

30 sisting of 


35 


40 


45 
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10 wherein wherein Ri, R3, Z and W are as defined above. 

The present process may also be promoted by a catalyst When a catalyst is employed, it substantially 
reduces the amount of nucleobase required, increases stereoselectivity, lowers processing cost, increases 
processing through-put, simplifies the product separation, and lowers the necessary reaction temperature al- 
lowing for the use of less thermally stable carbohydrates. Therefore, the present process desirably employs 
IS a catalyst which is a salt containing a non-nucleophilic anion. Preferred are Group lA. Group IIAor quaternary 
ammonium salts. The catalyst should be soluble in the reaction solvent and highly ionized. Preferred are salt 
catalysts selected from the group consisting of potassium, barium, cesium and trial kylammonium salts of tri- 
fluoromethanesulfonic acid, nanofluorobutane sulfonic acid, sulfuric acid, perchloric acid, nitric acid, and tri- 
fluoroacetic acid; more preferred are potassium or cesium salts of trifluoromethanesulfonic acid. Suitable re- 
20 action temperatures range from about 50**C to about 1 00**C. 

The solvent is preferably selected from polar, non-nudeophilic solvents such as glyme. diglyme, anisole. 
acetonitrile, propionitrlle. dioxane, and mixtures thereof; while more preferred is acetonitrile. 

The a anomer enriched carbohydrate of formula (II) under catalytic conditions preferably contain a sulfo- 
nyloxy group selected from alkyi sulfonyloxy and aryl sulfonyloxy groups such as, methanesulfonyloxy, 2- 
25 chloro-1-ethanesulfonyloxy, loluenesulfonyloxy, p-nitrobenzenesulfonyloxy and p-bromobenzenesulfonyloxy. 

The nucleobase (R") for use under catalytic conditions is preferably selected from the group consfeting of 


02 
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35 


30 
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10 wherein Ri, R2. R3, Z and W are as defined above. 

The final phase of the reaction sequence is the removal of the protecting groups X, Z and/or W (i.e. de- 
blocking) from the blocked nucleoside of formula (I). The same anomeric ratio of nucleosides is obtained upon 
removal of the protecting groups. 

Most silyl and sllyl-amino protecting groups are easily deaved by use of a protic solvent, such as water or 
15 an alcohol. The acyl protecting groups, such as benzoyl and the acyt-amtno protecting groups, are removed 
by hydrolysis with a strong base at a temperature from about 0*^0 to about 100°C. Strong or moderately strong 
bases suitable for use in this reaction are bases which have a pKa (at 25°C) of about 8.5 to about 20.0. Such 
bases include alkali metal hydroxides such as sodium or potassium hydroxide; alkali metal alkoxtdes such as 
sodium methoxide or potassium t-butoxide; alkali metal amides; amines such as diethylamine, hydroxyl amine, 
20 ammonia and the like; and other common bases such as hydrazine and the like. At least one equivalent of 
base is needed for each protecting group. 

The acyl protecting groups can also be removed with acid catalysts, such as methanesutfonic acid, hy- 
drochloric acid, hydrobromic acid, sulfuric acid, or with acidic ion exchange resins. It is prefer rable to carry 
out such hydrolysis at relatively high temperatures, such as the reflux temperature of the mixture, but temper- 
25 atures as low as ambient may be used when particularly strong acids eire employed. 

The removal of ether protecting groups is carried out by known methods, for example, with ethanethtol 
and aluminum chloride. 

The t-butyldimethylsilyl protecting group requires acid conditions, such as contact with gaseous hydrogen 
hatide, for its removal. 

30 Removal of the protecting groups may be conveniently carried out in alcoholic solvents, especially aqueous 

alkanols such as methanol. However, the deblocking reaction may also be carried out in any convenient sol- 
vent, such as polyols including ethylene glycol, ethers such as tetrahydrofuran, ketones such as acetone and 
methyl ethyl ketone, or dimethylsulfoxide. 

In a preferred embodiment, the deblocking reaction employs ammonia to remove a benzoyl hydroxy-pro- 
35 tecting group at a temperature of about 1 0^'C. It Is preferable, however, to use an excess of base in this reaction, 
although the amount of excess base used is not crucial. 

In accordance with the present process, panomer enriched nucleosides are prepared in an a to p anomer 
ratio greater than 1:1 to about 1:9. 

The resulting p anomer enriched nucleoside of formula (I) may be extracted and/or isolated from the re- 
40 action mixture as described in U.S. Patent 4,965,374, which is incorporated herein by reference. 

The following examples illustrate specific aspects of the present invention and are not intended to limit the 
scope thereof in any respect and should not be so construed. 

Example 1 

45 

Preparation of beta-anomer enriched 1-(2*-deoxy-2*.2 -difluoro-3',5 -di-0-benzoyl-D-ribofuranosyl)-4-amino- 
pyrimidin-2-one with 10 equivalents of bis-trimethylsilylcytosine 

Bis-trimethylsiiylcytosine was prepared by combining 2.44 g of cytosine, 5.15 ml of hexamethyldisilazane 
50 and 580 mg of ammonium sulfate with 5 ml of xylenes and refluxing the solutran at 120**C for 1 hour. An addi- 
tional 5 ml of hexamethyldisilazane were added to form a homogenous solution which was refluxed for 30 min- 
utes. The xylenes and excess hexamethyldisilazane were removed and a gelatin-like bis-trimethylsilylcytosine 
formed. 5.6 g of the bis-trimethytsilylcytosine were reconstituted in 20 ml of xylenes. The xylenes were removed 
and the bis-trimethylsilylcytosine was again reconstituted in 20 ml of xylenes. The bistrimethylsilylcytosine was 
55 evaporated to dryness and reconstituted in 5 ml of xylenes. 1 g of 2-deoxy-2,2-dif luoro-D-ribofuranosyl-3,5- 
dibenzoyl-1-a-methanesutfonate was reacted with the bis-trimethylsilylcytosine solution at 127**C for 3.5 
hours. HPLC analysis confirmed completion of the reaction. 

To extract the nucleoside product, the reaction mixture was cooled to BO'^C, diluted in 1 00 ml of ethyl acet- 
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ate and washed with 200 ml of 1 N hydrochloric acid. An emulsion occurred and the two layers that formed 
were separated. The organic layer was washed successively with 100 ml of 5% sodium bicarbonate, and 100 
ml of saturated sodium chloride solution then dried over magnesium sulfate, A quantitative HPLC analysis of 
the ethyl acetate layer indicated that the yield of blocked beta-anomer nucleoside was 50 per cent. The beta 
5 to alpha anomeric ratio of the blocked nucleoside was 2.2:1 . 

Example 2 

Preparation of beta-anomer enriched 1-(2*-deoxy-2\2 -difluoro-3\5'-di-0-benzoyl-D-ribofuranosyl)-4-arnino- 
10 pyrimidin-2-one with 5 equivalents of bis-trimethylsilylcytosine 

To 2.8 g of bis-trimethylsilylcytosine were added 3 ml of xylenes and the solution heated to 120°C until 
the bis-trimethylsilylcytosine solubilized. 1 g of 2-deoxy-2.2-difluoro-D-ribofuranosyl-3.5-di benzoyl- 1 -a -me- 
thanesulfonate. dissolved in 2 ml of xylenes, was heated and reacted with the bis-trimethylsilylcytosine solution 

IS at 130**C for 16 hours. HPLC analysis confirmed completion of the reaction. The beta to alpha anomeric ratio 
of the blocked nucleoside was 1.1:1. 

To extract the nucleoside product, the reaction mixture was diluted with 150 ml ethyl acetate and washed 
with 150 mil N hydrochloric acid. An emulsion occurred and the two layers that formed were separated. The 
organic layer was washed successively with 1 00 ml of water, and 1 00 ml of 5% sodium bicarbonate then dried 

20 over magnesium sulfate. For a more accurate HPLC analysis. 1 ml of the organic layer was evaporated to dry- 
ness and reconstituted in 1 ml of the acetonitrile. Aquantitative HPLC analysis of the organic layer in acetonitrile 
indicated that the yield of blocked beta-anomer nucleoside was 36 percent 

Example 3 

25 

Preparation of beta-anomer enriched 1-(2'-deoxy-2'.2 -difluoro-3'.5 -di-0-benzoyl-D-ribofuranosyl)-4-amino- 
pyrimidin-2-one hydrochloride salt with 15 equivalents of bis-trimethylsilylcytosine 

Bis-trimethylsilylcytosine was prepared by combining 18.33 g of cytosine and 10 ml of anisole with 64.3 
30 ml of N-methyi-N-(trimethyisilyl)-trrfluoroacetamide and heating the solution at SO^C for 30 minutes. 5.0 g of 
2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoyl-1-a -methanesulfonate, dissolved in 10 ml anisole, were 
reacted with the bis-trimethylsilylcytosine solutron at lOS^'Cfor 5 hours. HPLC analysis confirmed completion 
of the reaction. The beta to alpha anomeric ratio of blocked nucleoside was 5.4:1. 

To isolate the nucleoside product, the reaction mixture was cooled to 60*C, diluted with 75 ml of ethyl acet- 
35 ate and washed with 200 ml of 1 N hydrochloric acid. A semi-clear solution containing solid particulates formed. 
The solution was warmed to 60^C-70<*C for 1 5 minutes, filtered, and the isolated solid was washed successively 
with 20 ml of ethyl acetate then dried in a vacuum oven at 40**C for 16 hours. The resulting nucleoside product 
weighed 4.0 g. m.p. 252*»C-256*'C. A quantitative HPLC analysis confirmed that the product was the hydro- 
chloride salt of the blocked beta-anomer nucleoside in a yield of 75 percent 

40 

Example 4 

Preparation of beta-anomer enriched 1-(2'-deoxy-2',2 -difluDro-3',5'-di-0-benzoyl-D-ribofuranosyl)-4-amino- 
pyrimidin-2-one with 10 equivalents of bis-trimethylsilyicytosine 

45 

Bis-trimethylsilylcytosine was prepared by the procedure described in Example 1. except 20 g of cytosine, 
380 ml of hexamethyldisilazane, 1.18 g of ammonium sulfate and 48 ml of xylenes were used. The bis-trime- 
thylsilylcytosine was reconstituted in 24 ml xylenes. 9.6 g of 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-diben- 
zoyl-1-toluenesulfonate, in a 70:30 alpha to beta ratio, were dissolved in 24 ml of xylenes and reacted with the 

50 bistrimethylsilylcytosine solution for 1 hour. HPLC analysis confirmed completion of the reaction. 

To extract the nucleoside product the reaction mixture was cooled to 65**C and 100 ml of ethyl acetate 
were added. The solution was maintained at 65*'C and washed with 200 ml of 1 N hydrochloric acid. An emulsion 
occurred and the two layers that formed were separated. The organic layer washed with 200 ml of 5% sodium 
bicarbonate then dried over magnesium sulfate. The beta to alpha anomeric ratio of the blocked nucleoside 

55 was 1.1:1. A quantitative HPLC analysis indicated that the yield of blocked beta-anomer nucleoside was 27 
percent 
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Example 5 

Preparation of beta-anomer enriched 1-(2'-deoxy-2',2*-difluoro-3*,5'-di-0-benzoyl-D-ribofuranosyl)-4-amino- 
pyrimidin-2-one with 20 equivalents of bis-trimethylsilyicytosine 

5 

Bis-trimethylsilyicytosine was prepared by combining 30g of cytosine with 175 ml of hexamethyldisilazane 
and 25 mg of ammonium sulfate under nitrogen and heating the solution at 120°C for 2 hours. The mixture 
was cooled to dO^'C and diluted with 100 ml of ethyl acetate. The hexamethyldisilazane and ethyl acetate were 
subsequently atmospherically distilled at a temperature of 145''C. This procedure was repeated twice then the 

10 resulting bis-trimethylsflylcytosine was added to 1 5 ml of anisole and cooled to 110^C-115°C. 5.75g of 2-deoxy- 
2,2-difluoro-D-ribofuranosyi-3,5-dibenzoyl-1-a -methanesulfonate. dissolved in 10 ml of anisole, were stirred 
at45**C until a homogeneous solution formed and reacted with the bis-trimethylsilylcytosine solution at 115°C- 
120**C for 7 hours. HPLC analysis confirmed completion of the reaction. The beta to alpha anomeric ratio of 
blocked nucleoside was 7.3:1. 

15 To isolate the nucleoside product, the reaction mixture was cooled to 88**C, diluted with 34 ml of ethyl acet- 

ate and washed with 125 ml of 4 N hydrochloric acid. A slurry containing solid particulates formed and was 
stirred for 1 and 1/2 hours at SO^'C and filtered. The filtrate was washed with 50 ml of 4 N hydrochloric acid 
and dried in a vacuum oven at 45*^0. The resulting nucleoside product weighed 4.6 g. A quantitative HPLC ana- 
lysis indicated that the yield of blocked beta-anomer nucleoside was 79.5 percent 

20 

Example 6 

Preparation of beta-anomer enriched 1-(2*-deoxy-2\2'-dif luoro-3',5*-di-0-benzoyl-D-ribofuranosyl)-4-amtno- 
pyrimidin-2-one hydrochloride salt with 20 equivalents of bis-trimethylsilylcytosine 

25 

Bis-trimethylsilylcytosine was prepared by the procedure described in Example 5. The solution was cooled 
to 100°C. 5.75g of 2-deoxy-2,2-difluora-D-ribofuranose-3,5-dibenzoyl-1-a-methanesulfonate, dissolved in 10 
ml of anisole, were stirred at45°C until a homogeneous solution formed and reacted with the bis-trimethylsi- 
lylcytosine solution at 110°C-115*='C for 16 hours. HPLC analysis confirmed that only 3.9 percent of unreacted 

30 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoate-1-a-methanesulfonate remained. The beta to alpha 
anomeric ratio of blocked nucleoside was 7.2:1. 

To extract the nucleoside product, the reaction mixture was cooled and diluted with 69 ml of ethyl acetate 
at65**C. The reaction mixture was then combined with 1 85 ml of 4 N hydrochloric acid. The mixture was ref luxed 
for 1 hour at 78*'C to form a slurry. The slurry was filtered and the solid was washed with 60 ml of 4 N hydro- 

35 chloric acid and dried in a vacuum oven at 45°C, The nucleoside product weighed 3.62 g. A quantitative HPLC 
analysis confirmed that the product was the hydrochloride salt of the blocked beta-anomer nucleoside in a 
yield of 64.2 percent 

Example 7 

40 

Preparation of beta-anomer enriched 9-(2*-deoxy-2%2'-dif luoro-3*,5 -di-0-benzoyl-D-ribofuranosyl)-5-amino- 
purine with 15 equivalents of bis-trimethylsilytadenine 

Bis-trimethylsilyladenine was prepared by combining 7 g of adenine and 109 ml of hexamethyldisilazane 
45 with 250 mg of ammonium sulfate and heating the mixture at 11 0-IIS^C for 8 hours. The solution was ref luxed 
for an additional 30 minutes and the excess hexamethyldisilazane subsequentiy removed and 14.5 g of the 
bis-trimethylsilyladenine were reconstituted in 3 ml of anisole. 1.58 g of 2-deoxy-2,2-difluoro-D-ribofuranosyi- 
3,5-dibenzoyi-1-a-methanesulfonate were reacted with the bis-trimethylsilyladenine solution at 105°C-110°C 
for 24 hours. HPLC analysis confirmed completion of the reaction. 
50 To extract the nucleoside product, the reaction mixture was cooled to 30°C, diluted with 50 ml of ethyl acet- 

ate and washed with 75 ml of 4 N hydrochloric acid. An emulsion occurred and the organic layer was separated 
and washed successively with 75 ml of 5% sodium bicarbonate, and 75 ml of saturated sodium chloride solution 
then dried over magnesium sulfate. The beta to alpha anomeric ratio of the blocked nucleoside was 6:1. 
The following Table shows how the carbohydrate concentration and carbohydrate selected effects the 
55 anomeric ratio of the nucleoside product 
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50 


55 


Table 


5 
10 
15 

Solvent 

Carbo. 

Base (R') 

Base (R') 
Equiv. 

Temp. 

Carbo Cone. 

a/p Nucleoside 
Ratio 

Yield 

Xylenes 
Xylenes 
Xylenes 
Xylenes 
Xylenes 

Xylenes 

ct-OMs 

a-OMs 

a-OMs 

a-OMs 

a-OMs 

50:50 
a/p-OMs 

Cytosine 
Cytosine 
Cytosine 
Cytosine 
Cytosine 

Cytosine 

1.5 

1.5 

5 
10 
10 

1.5 

127*'C 
127°C 
130X 
127**C 
120°C 

125°C 

20% 
50% 
20% 

iJXJ /O 

20% 
50% 

1.5:1 
1.5:1 
1:1.1 

1 .2.2 
1:1.6 

3:1 

14% p 
15% p 
36% p 
50% p 
32% p 

12% p 

20 

Anisole 
Anisole 
Anisole 

a-OMs 
a-OMs 
a-OMs 

Cytosine 
^-^yiosine 
Cytosine 

2 
3 
15 

105°C 
105°C 
105^C 

20% 
50% 
50% 

1.3:1 
1:1.3 
1:5.4 

18% p 
22% p 
75% p(a) 


Anisole 

a-OMs 

5-F-Cy- 
tosine 

10 

115^C 

50% 

1:6 

N/D 

25 

Anisole 

a-OMs 

5-F-Ura- 
cil 

5 

130*>C 

50% 

1:6 

N/D 


Xylenes 

70:30 
a:p-OTs 

Cytosine 

3 

123*'C 

20% 

1.7:1 

6%p 

30 

Xylenes 

70:30 
a:p-OTs 

Cytosine 

5 

125°C 

20% 

1.7:1 

N/D 


Xylenes 

70:30 
a:p-OTs 

Cytosine 

10 

125°C 

20% 

1:1.1 

27% p 

35 

Xylenes 

70:30 
a:p-OTs 

Cytosine 

10 

125*>C 

20% 

1.3:1 

23% p 


Xylenes 

85:15 
a:p-OBs 

N-Acetyl- 
Cytosine 

5 

110°C 

20% 

1:1 

N/D 

40 

Anisole 
Anisole 
Anisole 

a-OMs 
a-OMs 
a-OMS 

Cytosine 
Adenine 
Cytosine 

20 
15 
20 

115**C 
110*'C 
115^C 

25% 
50% 
25% 

1:7.3 
1:6 
1:7.2 

79.5% p(a) 
N/D 
64% p 

45 




(N/D) means not determined. The cartwhydrates (Carbo.) are hydroxy protected and include a- or B-OMs Is 
alpiia- or beta-2.2-difluoro-2-deoxy-D-ribofuranosyl-3,5-dibenzoyl-1-methanesulfonate: p- ora-OTs is beta- 
'*^^"''®°''^"^'''''°^"'^"°®^-^-^-^'^«"^°y'-''-*°'"enesulfonate; and a- or p-OBs is alpha-or 
beta-2.2-d.fluoro-2-deoxy-D-ribofuranosyl-3.5-dlben2oyl-1-bromo-benzenesulfonate. The 70:30 aB-OTs car- 
bohydrates were obtained by anomerizing p-OTs with a salt of p-toluenesulfonic acid. The yields are based on 
he amount of carbohydrate and were calculated from a quantitative reverse phase HPLC analysis wherein 
the corresponding solution product peak was compared with a standard. 1-(2'-deoxy-2- 2*-difluoro-3' 5'-di-0- 
ben20yl-p-D-nboftjranosyl)-4-aminopyrimidin-2-one, except in (a) which is an isolated product yield.' (•) The 

^^IJfw ^^f'^°- ^""-^ ^^""^ of percentcarbohydrate by weight (grams) perunitvolume 

Of solvent (milliliters). The nucleobase protecting group in each example is trimethylsilyl. 
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Example 8 

Preparation of beta-anomer enriched 1-(Z-deoxy-2\2 -difluoro-3^5'-di-0-benzoyl-D-ribofuranosyl)-4-amino- 
py^imidin-2-one with 20 equivalents of bis-trimethylsilylcytosine 

To 5.78 g of cytosine were added 112 ml of hexamethyldisilazane and 100 mg of ammonium sulfate. The 
solution was heated to 115°C-120X for 1 and 1/2 hours with stirring and the excess hexamethyldisilazane 
subsequently removed. The mixture was cooled to 60°C and reconstituted in 40 nnl of 1,2-dichloroethane to 
form a homogenous solutbn of bis-trimethylsilylcytosine. 

To 1 g of 2-deoxy-2,2-difluoro-D-ribofuranosy1-3.5-dibenzoate was added 10 ml of dichloromethane and 
0.54 ml of triethylamine. This solution was stirred at 23**C for 30 minutes, cooled to -78X and reacted with 
0.57 ml of trifluoromethanesulfonyl anhydride, in 0.50 ml of dichloromethane, to form alpha-anomer enriched 
2-deoxy-2,2-difluoro-D-ribofuranosyl-3.5-dibenzoyl-1-trifluoromethanesulfonate intermediate in solution. 
Care was taken to maintain the temperature of the reaction mixture below -65**C. An ^^F nuclear magnetic res- 
onance (NMR) analysis of the alpha-anomer enriched 2-deoxy-2.2-difluoro-D-ribofuranosyl-3.5-dibenzoyi-1- 
trifluoromethanesulfonate intermediate at 65''C provided the following data: i«F NMR (300 MHz, CDCy, 5-77 
(s, 3F. CFaSOr). -111 (d. J=257 Hz, IF. alpha-anomer). -122 (d. J=242 Hz, IF. beta-anomer). -124 (d, J=257 
Hz, 1F. alpha-anomer). -126 ppm (d, J=242 Hz. IF, beta-anomer). It should be noted that all ^^F NMR peak 
shifts are relative to hexafluorobenzene, which was assigned a frequency of -162.9 ppm. The ^^F NMR spec- 
trum also indicated fluorine - proton couplings however, the nature of these couplings were not determined. 

The alpha-anomer enriched 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoyl-1-trif!uoromethanesuI- 
fonate solution was reacted with the bis-trimethylsilylcytosine solution at -65**C and the reaction temperature 
was allowed to rise to 23**C to form the titled blocked nucleoside which was confirmed by HPLC analysis. The 
beta to alpha anomeric ratio of the blocked nucleoside was 1.9:1. 

To extract the nucleoside product from the reaction mixture. 100 ml of dichloromethane and 200 ml of 1 
N hydrochloric acid were added. The organic layer was separated and washed with 200 ml of 5% sodium bi- 
carbonate. The organic layer was again separated and washed with 200 nrd of saturated sodium chloride. The 
titled nucleoside product precipitated from the organic layer A quantitative HPLC analysis revealed a yield of 
blocked beta-anomer nucleoside of 42 percent. ^H NMR (DMSO): 6 = 4.74(4'H). 4.79 (5'H), 5.84 (5H), 5.88 
(3'H). 6.44 (VH), 7.56 (NH2), 7.68 (6H). i^C NMR (DMSO): 6= 63.46 (5'C), 71 .80 (3'C), 75.71 (4'C), 84.64 (VC), 
95.12 (5C), 121.86 (2'C), 141.93 (6C), 154.48 (2C), 165.87 (4C). 

Example 9 

Preparation of beta-anomer enriched 1-(2'-deoxy-2'.2 -difluoro-3',5 -di-0-benzoyl-D-ribofuranosyi)-4-amino- 
pyrimidin-2-one with 20 equivalents of bis-trimethylsilylcytosine 

A bis-trimethylsilyicytosine solution was prepared by suspending 5,78 g of cytosine in 75 ml of dichloro- 
methane and adding 20.57 ml of N-methyl-N-trimethylsilyltrifluoroacetamide and cooling the resulting solution 
to -30°C. 

To 1 g of 2-deoxy-2.2-difluoro-D-rit>ofuranosy1-3.5-diben2oate was added 10 ml of dichloromethane and 
0.55 ml of triethylamine. This solution was stirred at 23^C for 30 minutes, cooled to -78*'C and reacted with 
0.57 ml of trifluoromethanesulfonyl anhydride in 1 ml of dichloromethane. to form alpha-anomer enriched 2- 
deoxy-2.2-difluoro-D-ribofijranosyl-3,5-dibenzoyl-1-trifluoromethanesulfonate in solution. Care was taken to 
maintain the temperature of the reaction mixture below -65°C. The alpha-anomer enriched 2-deoxy-2.2-di- 
fluoro-D-ribofuranose-3,5-dibenzoyl-1-trifluoromethanesulfonate solution was reacted with the bis-trimethyl- 
silylcytosine solution at -30*'C to form the titled blocked nucleoside which was confirmed by HPLC analysis. 
The beta to alpha anomeric ratio of the blocked nucleoside was 2.3:1. 

To extract the nucleoside product from the reaction mixture, 200 ml of 1 N hydrochloric acid were added. 
The organic layer was separated and washed with 5% sodium carbonate. A quantitative HPLC analysis of the 
organic layer revealed a yield of blocked beta-anomer nucleoside of 45 percent. 

Example 10 

Preparation of beta-anomer enriched 1-(2 -deoxy-2\2 -difluoro-3',5 -di-0-ben2oyl-D-ribofuranosyl)-4-amino- 
pyrimidin-2-one with 20 equivalents of bis-trimethylsilylcytosine 

A bis-trimethylsilyl cytosine solution was prepared by the procedure described in Example 8 and cooled 
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to-15''C. 

To 1 g of 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoate was added 10 m! of dichloromethane and 
0.54 ml of triethylamine. This solution was stirred at 23°C for 30 minutes, cooled to -78*=*C and reacted with 
0.57 ml of trif luoromethanesulfonyl anhydride in 0.5 ml of dichloromethane to form an alpha-anomer enriched 
2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoyM-trlfluoromethanesulfonate In solution. Care was taken 
to maintain the temperature of the reaction mixture below -65°C. The alpha-anomer enriched 2-deoxy-2,2-di- 
fluoro-D-ribofuranosyl-3,5-dibenzoy!-1-trifluoromethanesulfonate solution was reacted with the bis-trimethyl- 
silylcytosine solution at -IS'^C to form the titled blocked nucleoside which was confirmed by HPLC analysis. 
The beta to alpha anomeric ratio of the blocked nucleoside was 2.3:1. 

To extract the nucleoside product from the reaction mixture, the dichloromethane was removed and the 
resulting residue was reconstituted in 21 ml of anisole and 40 ml of water then heated to 90X. The solids that 
formed were removed from the solution. The organic and aqueous layers were separated and the organic layer 
was subsequently washed with an additional 10 ml of water. The beta-anomer nucleoside product precipitated 
from the organic layer. A quantitative HPLC analysis revealed a yield of blocked beta-anomer nucleoside of 58 
percent 

Example 11 

Preparation of beta-anomer enriched 1-(2 -deoxy-2\2 -difluoro-3\5 -di-0-benzoyl-D-ribofuranosyl)-4-amlno- 
pyrimldin-2-one with 20 equivalents of bis-trimethy!silylcytosine 

A bis-trimethylsilyfcytosine solution was prepared by suspending 5.78 g of cytosine in 20 ml of dichloro- 
methane and adding 20.57 nnl of N-methyl-N-trimethyisilyltrifluoroacetamide in 10 ml of dichloromethane and 
cooling the resulting solution to 0°C. 

To 1 g of 2-deoxy-2,2-difluoro-D-ribofuranosyl-3.5-dibenzoate was added 10 ml of dichloromethane and 
0.55 ml of triethylamine. This solution was stirred at 23**C for 30 minutes, cooled to -78^ and reacted with 
0.57 ml of trif luoromethanesulfonyl anhydride in 1 ml of dichloromethane, to form alpha-anomer enriched 2- 
deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoyl-1-trifluoromethanesulfonate in solutfon. Care was taken to 
maintain the temperature of the reaction mixture below -65°C. The alpha-anomer enriched 2-deoxy-2,2-di- 
fluoro-D-ribofuranosyl-3,5-dibenzoyl-1-trifluoromethanesulfonate solution was reacted with the bis-trimethyl- 
silylcytosine solution at O^C to form the titled blocked nucleoside which was confirmed by HPLC. The beta to 
alpha anomeric ratio of the blocked nucleoside was 2.5:1. 

To extract the nucleoside product from the reaction mixture, 250 ml of 1 N hydrochloric acid were added. 
The organic layer was separated and washed with 200 ml of 5% sodium carbonate. A quantitative HPLC ana- 
lysis of organic layer revealed a yield of blocked beta-anomer nucleoside of 49 percent. 

Example 12 

Preparation of beta-anomer enriched 1-(2'-deoxy-Z,2'-d if I uoro-3',5'-di-0- benzoyl- D-ribofuranosyi)-4-aceta- 
midopyrimidin-2-one with 10 equivalents of bis-trimethylsilyl-N-acetylcytosine 

To 4 g of N-acetylcytosine were added 58 ml of hexamethyldisilazane and 698 mg of ammonium sulfate. 
This solution was heated to 115°C-120^C for 4 hours with stirring and the excess hexamethyldisilazane was 
subsequently removed. The mixture was cooled to 50°C and constituted In 50 ml of 1,2-dichloroethane. The 
1,2-dichloroethane was removed and the resulting solid residue was reconstituted in 50 ml of 1,2-dichloro- 
ethane. The 1,2-dichloroethane was again removed and an oily residue formed. The oily residue was consti- 
tuted in 2.5 ml 1,2-dichloroethane to form a homogenous bis-trimethylsllyl-N-acetylcytosine solution. 

To 1 g of 2-deoxy-2,2-difluoro-D-ribofijranosyl-3,5-dibenzoate was added 2 ml of dry dichloromethane. 
This solution was cooled to -78°C and reacted with 0.55 ml of triethylamine and 0.58 ml of trif luoromethane- 
sulfonyl anhydride to form alpha-anomer enriched 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoyl-1-tri- 
f luoromethanesulfonate in solution. Care was taken to maintain the temperature of the reaction mixture below 
-65**C. The alpha-anomer enriched 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoyl-1-trifluoromethane- 
sulfonate solution was reacted with the bis-trimethylsilyl-N-acetylcytosine solution at 23^C. The reaction mix- 
ture was stirred at -60^C for 1 and 1/2 hour to form the titled blocked nucleoside which was confirmed by HPLC 
analysis. The beta to alpha anomeric ratio of the blocked nucleoside was 2:1. 

To extract the nucleoside product firom the reaction mixture, 50 ml of dichloromethane were added. The 
organic layer was separated and washed successively with 50 ml of 5% sodium bicarbonate then 50 ml of 1 
N hydrochloric acid and 50 ml of saturated sodium chloride. A quantitative HPLC analysis of the organic layer 
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revealed a yield of blocked beta-anomer nucleoside of 15 percent 
Example 13 

5 Preparation of beta-anomer enriched 1-(2*-deoxy-2\2*-difluoro-3*,5'-di-0-benzoyl-D-ribofuranosyl)-4-amino- 
pyrimidin-2-one with 20 equivalents of bis-trimethylsilyicytosine 

To 5.78 g of cytosine were added 112 ml of hexamethyldisilazane and 50 mg of ammonium sulfate. The 
mixture was heated to 115°O120**C for 3 hours with stirring and the excess hexamethyldisilazane was sub- 
to sequently renrK)ved. This solution was then cooled to 27**C and a solid residue formed which was reconstituted 
in 35 ml of dichloromethane to form a homogenous bistrimethylsQyIcytosine solution. 

To 1 g of 2-deoxy-2,2-difluoro-D-rlbofuranosyi-3,5-dibenzoate were added 10 ml of dichloromethane and 
0.54 ml of triethylamine. The solution was cooled to -78^C and reacted with 0.57 ml of trifluoromethanesulfonyl 
anhydride, in 0.50 ml of dichloromethane, to form alpha-anomer enriched 2-deoxy-2,2-difluoro-D-ribofurano- 
15 syl-3,5-dibenzoyl-1-trifluoromethanesulfonate in solution. Care was taken to maintain the temperature of the 
reaction mixture below -65°C. The alpha-anomer enriched 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-diben- 
zoate-l-trifluoromethanesulfonate solution was reacted with the bis-trimethylsilylcytosine solution at 27°C to 
form the titled blocked nucleoside which was confirmed by HPLC analysis and indicated that 11 percent of 
the alpha-anomer enriched 2-deoxy-2.2-difluoro-D-ribofuranosyl-3.5-dibenzoyl-1-trifluoromethanesulfonate 
20 remained unreacted. The beta to alpha anomeric ratio of the blocked nucleoside was 2.2:1 . A quantitative HPLC 
analysis revealed a yield of blocked beta-anomer nucleoside of 54 percent. 

Example 14 

25 Preparation of beta-anomer enriched 1-(2*-deoxy-2\2*-d If I uoro-3',5*-di-0- benzoyl- D-ribofuranosyl )-4-amino- 
pyrimidin-2-one with 20 equivalents of bis-trlmethylsityl cytosine 

To 5.78 g of cytosine were added 112 ml of hexamethyldisilazane and 50 nrtg of ammonium sulfate. This 
solution was heated to 115''C-120*'C for 2 hours with stirring and the excess hexamethyldisilazane was sub- 

30 sequently renrioved. The resulting oil was cooled to 23**C to form a solid residue which was reconstituted In 35 
ml of dichloromethane to form a homogenous bistrimethylsilylcytosine solution and cooled to 0**C. 

To 1 g of 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoate was added 9 ml of dichloromethane and 
0.54 ml of triethylamine. The solution was cooled to -78''C and reacted with 0.57 ml of trifluoromethanesulfonyl 
anhydride, in 0.50 ml of dichloromethane, to form alpha-anomer enriched 2-deoxy-2,2-dif!uoro-E>-ribofurano- 

35 syl-3,5-dibenzoyl-1-trifluoromethanesulfonate in solution. Care was taken to maintain the temperature of the 
reaction mixture below -65^C. The alpha-anomer enriched 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-diben- 
zoyl-1-trifluoromethanesulfonate solution was reacted with the bis-trlmethylsitylcytosine solution at 23°C to 
form the titled blocked nucleoside which was confirmed by HPLC analysis. The beta to alpha anomeric ratio 
of the blocked nucleoside was 2.2:1. 

40 To extract the nucleoside product from the reaction mixture was washed twice with 150 ml of 1 N hydro- 

chloric acid. The organic layer was separated, washed with 150 ml of 5% sodium bicarbonate and washed again 
with 150 ml saturated sodium chloride. A quantitative HPLC analysis of the organic layer revealed a yield of 
blocked beta-anomer nucleoside of 49 percent. 

45 Example 15 

Preparation of beta-anomer enriched 1-(Z-deoxy-2',2'-difluoro-3',5'-di-0-benzoyl-D-ribofuranosyl)-4-amlno- 
pyrimidin-2-one with 30 equivalents of bis-trimethylsilyl cytosine 

50 To 5.9 g of cytosine were added 1 12 ml of hexamethyldisilazane and 25 mg of ammonium sulfate. The sol- 

ution was heated to 120°C-125''C for 3 hours with stirring and the excess hexamethyldisilazane was subse- 
quently removed. The resulting solid residue was reconstituted In 35 ml of dichloromethane and cooled to IC'C 
to form a homogenous bis-trimethylsilyl cytosine solution. 

To 655 mg of 2-deoxy-2,2-dif luoro-D-ribofuranosyl-3,5-dibenzoate were added 0.55 ml of dichloromethane 

55 and 0.36 ml of triethylamine. The solution was stirred at 23''C for 30 minutes, cooled to -78°C and reacted with 
0.35 ml of trifluoromethanesulfonyl anhydride, in 0.50 ml of dichloromethane, to form alpha-anomer enriched 
2-deoxy-2.2-difluoro-D-ribofuranosyl-3,5-dibenzoyi-1-trifluoromethanesulfonate in solution. Care was taken 
to maintain the temperature of the reaction mixture below -65**C. The alpha-anomer enriched 2-deoxy-2,2-di- 
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fluoro-D-ribofuranosyl-3,5-dibenzoyl-1-trifluoromethanesulfonate solution was reacted with the bis-trimethyl- 
silylcytosine solution at 10°C to form the titled blocked nucleoside which was confirmed by HPLC analysis. 
The beta to alpha anomeric ratio of the blocked nucleoside was 2.7:1. A quantitative HPLC analysis revealed 
a yield of blocked beta-anomer nucleoside of 60 percent. 

Example 16 

Preparation of beta-anomer enriched 1-{2'-deoxy-2*,2 -difluoro-3^5'-di-0-be^zoyl-D-ribofuranosyl)-4-amino- 
pyrimidin-2-one with 20 equivalents of bis-trimethylsilylcytosine 

To 5.78 g of cytoslne were added 112 ml of hexamethyldisilazane and 50 mg of ammonium sulfate. The 
solution was heated to 115*^0-120*^0 for 1 and 1/2 hours with stirring and the excess hexamethyldisilazane 
was subsequently removed. The resulting solid residue was reconstituted in 40 ml of 1.2-dichloromethane at 
23®C to form a homogenous bis-trimethylsilyl cytosine solution. 

To 1 g of 2-deoxy-2,2-difluoro-D-ribofuranosyI-3,5-dibenzoate was added 10 ml of dichloromethane and 
1 .2 ml of triethylamine. The solution was cooled to -78*'C and reacted with 0.57 ml of trif luoromethanesulfonyl 
anhydride, in 0.50 ml of dichbromethane, to form alpha-anomer enriched 2-deoxy-2,2-difluoro-D-ribofurano- 
syl-3,5-dibenzoyl-1-lrifluoromethanesulfonate in solution. Care was taken to maintain the temperature of the 
reaction mixture below -65°C. The alpha-anomer enriched 2-deoxy-2.2-difluoro-D-ribofuranosyl-3.6-diben- 
zoyi-l-trifluoromethanesulfonate solution was reacted with the bis-trimethylsilylcytosine solution at 23^0 to 
form the titled blocked nucleoside which was confirmed by HPLC analysis. The beta to alpha anomeric ratb 
of the blocked nucleoside was 2.8:1, A quantitative HPLC analysis revealed a yield of blocked beta-anomer 
nucleoside of 50 percent. 

Example 17 

Preparation of beta-anomer enriched 1-(2'-deoxy-2\2 -difluorcH3^5'-di-0-benzoyl-D-ribofuranosyl)-4-amino- 
py^imidin-2-one with 20 equivalents of bis-trimethylsilylcytosine 

To 5.78 g of cytosine were added 112 ml of hexamethyldisilazane and 50 mg of ammonium sulfate. The 
mixture was heated to 115°C-120X for 1 and 1/2 hours with stirring and the excess hexamethyldisilazane was 
subsequently removed. The resulting solid residue was reconstituted in 40 ml of dichloromethane at 23^C to 
form a homogenous bis-trimethylsilylcytosine solution. 

To 1 9 of 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoate was added 10 ml of dichloromethane and 
0.54 ml of triethylamine. The solution was stirred at 23^C for 30 minutes, cooled to -78*»C and reacted with 
0.57 ml of trif luoromethanesulfonyl anhydride, in 0.50 ml of dichloromethane. to form alpha-anomer enriched 
2-deoxy-2.2-difluoro-D-ribofuranosyl-3.5-dibenzoyl-1-trifluoromethanesulfonate in solution. Care was taken 
to maintain the temperature of the reaction mixture below -65*»C. The alpha-anomer enriched 2-deoxy-2,2-di- 
fluoro-D-ribofuranosyl-3,5-dibenzoyl-1-trifiuoromethanesulfonate solution was reacted with the bis-trimethyl- 
silylcytosine solution at 23°C to form the titled blocked nucleoside which was confirmed by HPLC analysis. 
The beta to alpha anomeric ratio of the blocked nucleoside was 2.5:1. A quantitative HPLC analysis revealed 
a yield of blocked beta-anomer nucleoside of 68 percent. 

Example 18 

Preparation of beta-anomer enriched 1-(2'-deoxy-2',2 -dif luoro-3'.5'-di-0-benzoyl-D-ribofuranosyl)-4-amino- 
pyrimidln-2-one with 20 equivalents of bis-trimethylsilylcytosine 

To 5.78 g of cytosine were added 5 ml of dichloromethane. 20.6 ml of N-methyl-N-trimethylsilyltrifluoroa- 
cetamlde and 5 ml of dichloromethane to form a homogenous bis-trimethylsilylcytosine solution. 

To 1 g of 2-deoxy-2.2-difluoro-D-ribofuranosyl-3,5-dibenzoate was added 3 ml of dichloromethane and 
0.55 ml of triethylamine. This solution was stirred at 23**C for 30 minutes, cooled to -78*'C and reacted with 
0.57 ml of trif luoronnethanesulfonyl anhydride, in 1 ml of dichloromethane. to form alpha-anomer enriched 2- 
deoxy-2.2-difluoro-D-ribofuranosyl-3.5-dibenzoyl-1-trifluoromethanesulfonate in solution. Care was taken to 
maintain the temperature of the reaction mixture below -65**C. The alpha-anomer enriched 2-deoxy-2,2-di- 
fluoro-D-ribofuranosyl-3.5-dibenzoyl-1-trifluoromethanesulfonate solution was reacted with the bis-trimethyl- 
silylcytosine solution at 23^C to form the titled blocked nucleoside which was confirmed by HPLC analysis. 
The beta to alpha anomeric ratio of the blocked nucleoside was 2.5:1. 
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To extract the nucleoside product from the reaction mixture, 250 ml of 1 N hydrochloric acid were added. 
The organic layer was separated and washed with 250 ml of 5% sodium carbonate. A quantitative HPLC ana- 
lysis of the organic layer revealed a yield of blocked beta-anomer nucleoside of 50 percent. 

The Table shows the effect the solvent, molar equivalents of pyrimidine nucleoside derivatives have on 
the anomeric ratio and yield of nucleoside product. 


Table 


Solvent 

(R') Base 

(R') Base Equiv 

Temp 

ot/p Nucleoside Ratio 

P Yield 

Dichlorame- 

Cytosine 





thane 

20 

-25**C 

1:2.5 

44% 

Dichlorome- 

Cytosine 



1:2.3 


thane 

20 

-30^C 

45% 

Dichlorome- 

Lryiosine 





thane 

20 

0°C 

1 :2.5 

49% 

Dichlorome- 

Cytosine 





thane 

20 

23*»C 

1:2.2 

49% 

Dichtorome- 






thane & 1,2 Di- 

Cytosine 

20 

23*»C 

1:1.8 

31% 

chloroethane 






Dlchlorome- 






thane & 1.2 Di- 

Cytosine 

20 

23°C 

1.1.9 

42% 

Ol IIUI UCSl 1 Idl IB 






Dichlorome- 






llidilc Ot ( L/l- 

^.^yiosine 

20 

23°C 


50% 

chloroethane 







Cytosine 





thane 

20 

23*>C 

1:2.5 

68% 

Dichlorome- 

Cytosine 





thane 

20 

-IS^'C 

1:2.3 

58% 

Dichlorome- 

Cytosine 





thane 

20 

27°C 

1:2.2 

54% 

Dlchlorome- 

Cytosine 





thane 

9ft 
£\j 


1 :2.2 


Dichlorome- 

Cytosine 





thane 

30 

lO^'C 

1:2.7 

60% 

Dichlorome- 

Cytosine 





thane 

1.5 

23*'C 

1:1 

17% 

Dichlorome- 






thane & 1,2 Dt- 

Cytosine 

3 

23«C 

1:1.3 

6% 

chloroethane 






Dichlorome- 






thane& 1,2 Di- 

Uracil 

2 

-20*»C 

1:1 

N/D 

chloroethane 






Dichlorome- 

Cytosine 





thane 

3.5 

-78«C 

1.3:1 

10% 
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Dichlorome- 
thane & 1,2 Di- 
chloroethane 

N-acety!-Cyto- 
sine 

10 

-60°C 

1:2 

15% 

5 

1,2 Dichloro- 
ethane 

Cytosine 

10 

-78°C 

1:3 

28% 


Dichloronne- 
thane 

Cytosine 

10 

0*^0 

1:2.5 

32% 

10 

Dichloronne- 
thane 

5-F-Uracil 

15 

23'='C 

1:1 

N/D 


15 


20 


25 


30 


35 


40 


45 


50 


The carbohydrate used to prepare the blocked nucleosides in the table was alpha-anomer enriched 2-deoxy- 
2.2-difluoro-D-ribofuranosyl-3,5-diben2oy|.1-trifluoromethanesulfonate. (N/D) means not determined. The 
yields are based on the amount of carbohydrate and were calculated from a quantitative reverse phase HPLC 
analysis, wherein the corresponding solution product peak was compared with a standard. The protecting 
group for the above nucleoside base is trimethylsilyl. 

Example 19 

Preparation of beta-anomer enriched 1-(2'-deoxy-2\2*-difluor<^3\5'-di-0-benzoyI-D-ribofuranosylM-amino- 
pyrimidin-2-one 

Cytosine (12.0 g), hexamethyldisilazane (60 ml) and ammonium sulfate (10 mg) were refluxed at 125<>C 
for 30 minutes to form a homogenous solution. The hexamethyldisilazane was removed by distillation to form 
bis-tnmethylsilyicytosine. 2-deoxy-2',2'-difluoro-D-ribofuranosyl-3,5-dibenzoyl-1-a-methanesuIfonate (1 15 
g) was reacted with the bis-trimethylsilylcytosine (6.89 g, 10 eq.) in anisole (2 ml) and acetonitrile (3 ml) at 
80°C in the presence of the potassium saltof nanofluoro-1-butanesulfonic acid (0.5 g) for 16 hours. HPLC ana- 
lysis confirmed completion of the reaction and indicated an in-situ yield of 33 percent The beta to alpha anomer 
ratio of the titled compound was 3:1. 

Example 20 

Preparation of beta-anomer enriched 1-(2'-deoxy-2\2'-difluoro-3\5'-di-0-benzoyl-D-ribofuranosyl)-4-amino- 
pyrimidin-2-one with potassium sulfate 

2-deoxy-2.2-difluoro-D-ribofuranosyl-3,5-dibenzoyl-1-a-methanesulfonate (1.15 g) was reacted with the 
bis-tnmethylsilylcytosine (6.89 g, 10 eq.) prepared as described in Example 19 in acetonitrile (2.0 ml) at SO^C 
in the presence of potassium sulfate (0.5 g) for 72 hours. HPLC analysis confirmed completion of the reaction 
and indicated an in-situ yield of 65 percent. The beta to alpha anomer ratio of the titled compound was 4.7:1. 

Example 21 

Preparation of beta-anomer enriched 1-(2'-deoxy-2',2'-difiuoro-3',5'-di-0-benzoyl-D-ribofuranosyl)-4-amino- 
pyrimidin-2-one with the tetrabutylammonium salt of trifluoromethanesulfonic acid 

2-deoxy-2,2-drfluoro-D-ribofuranosyl-3,5-dibenzoyl-1-a-methanesulfonate (0.29 ml) was reacted with the 
bis-trimethylsilylcytosine (6.89 g, 10 eq.) prepared as described in Example 19 in acetonitrile (3.0 ml) at 80<>C 
in the presence of the tetrabutylammonium salt of trifluoromethanesulfonic acid (1.5 mmol) (prepared in-situ 
by treating tetrabutyiammonium hydroxide (1 .5 ml of a 1 molar solution in methanol) with trifluoromethanesul- 
fonic acid (0.13 ml)), then distilling to remove the methanol) for 4 hours. HPLC analysis confirmed completion 
of the reacbon and indicated an in-situ yield of 45 percent. The beta to alpha anomer ratio of the titled compound 
was 7.1:1 ^ 
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Example 22 

Preparation of beta-anomer enriched 1-(2*-deoxy-2\2'-difiuoro-3',5'-di-0-benzoyl-D-ribofuranosyl)-4-amino- 
pyrimldln-2-one with barium sulfate 

5 

2-deoxy-2,2-difluoro-D-ribofijranosyl-3.5-diben2oyl-1-a-methanesulfonate (1.15 g) was reacted with bis- 
trimethylsilylcytosine (6.89 g, 10 eq.) prepared as described In Example 19 in acetonitrile (3.0 ml) at 75*C in 
the presence of barium sulfate (1,0 g) for 20.5 hours. HPLC analysis indicated an in-situ yield of 36 percent. 
The beta to alpha anomer ratio of the titled compound was 11.2:1 

10 

Example 23 

Preparation of beta-anomer enriched 1-(2'-deoxy-2',2'-difluoro-3\5'-di-0-benzoyt-D-ribofuranosyl)-4-amino- 
pyrimidin-2-one with cesium sulfate 

IS 

2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoyl-1-a-methanesulfonate (1.15 g) was reacted with bis- 
trimethylsilylcytosine (6.89 g, 10 eq.) prepared as described in Example 19 in acetonitrile (3.0 ml) at 75''C in 
the presence of cesium sulfate (1 .0 g) for 21 hours. HPLC analysis indicated an in-situ yield of 24 percent The 
beta to alpha anomer ratio of the titled compound was 14.9:1 

20 

Example 24 

Preparation of beta-anomer enriched 1-(2'-deoxy-2\2 -d If I uoro-3*,5*-di-0- benzoyl- D-ribofuranosyl)-4-amino- 
pyrimidin-2-one with the cesium salt of triftuorome thane sulfonic acid 

25 

2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoy-1-a-methanesulfonate (1.15 g) was reacted with bis- 
trimethylsilylcytosine (6.89 g, 10 eq.) prepared as described in Example 19 in acetonitrile (3.0 ml) at 75''C in 
the presence of the cesium salt of trifluoromethanesulfonic acid (prepared in-situ by treating of 0.13 ml of tri- 
fluoromethane sulfonic acid with excess cesium carbonate) for 20,5 hours. HPLC analysis confirmed comple- 
30 tion of the reaction and indicated an in-situ yield of 65 percent. The beta to alpha anomer ratio of the titled 
compound was 7.2:1 

Example 25 

35 Preparation of beta-anomer enriched 1-(2 -deoxy-2*,2 -dlfluoro-3^5'-di-0-benzoyl-D-ribofuranosyl)-4-amlno- 
pyrimidin-2-one with the barium salt of trifluoromethanesulfonic acid 

2-deoxy-2,2-difluoro-D-ribofuranosyI-3,5-dibenzoyl-1-a-methanesulfonate (1.15 g) was reacted with bis- 
trimethylsilylcytosine (6.89 g, 10 eq.) prepared as described in Example 19 in acetonitrile (3.0 ml) at 75°C in 
40 the presence of the barium salt of trifluoromethanesulfonic add (prepared in-situ by treating of 0.13 ml of tri- 
fluoromethanesulfonic acid with excess barium carbonate) for 20.5 hours. HPLC analysis indicated an in-situ 
yield of 25 percent The beta to alpha anomer ratio of the titled compound was 14.4:1 

Example 26 

45 

Preparation of beta-anomer enriched 1-(2*-deoxy-2*.2*-difluoro-3',5*-di-0-benzGyl-D-ribofuranosyl)-4-amlno- 
pyrimidln-2-one with the potassium salt of trifluoromethanesulfonic acid 

2-deoxy-2,2-difluoro-D-ribofijranosyl-3.5-dibenzoyM-a-methanesulfonate (2.3 g, 12.6 eq.) was reacted 
50 with bis-trimethyisilylcytosine (16,1 g) prepared as described in Example 19 in acetonitrile (8,0 ml) at 75**C and 
in the presence of the potassium salt of trifluoromethanesulfonic acid (prepared in-situ by treating trifluorome- 
thanesulfonic acid (0.26 ml) with potassium carbonate (1.0 g)) for 45 hours. HPLC analysis indicated an in- 
situ yield of 69.8 percent The beta to alpha anomer ratio of the titled compound was 7.2:1, 

To extract the nucleoside product, the reaction mixture was cooled between 70'*C and 80*=C and combined 
55 with 40 ml of 4 N hydrochloric acid. The product precipitated, was filtered, and dried. A quantitative HPLC ana- 
lysis indicated an isolated yield of 62.4 percent 
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Example 27 

Preparation of beta-anomer enriched 1-(2'-deoxy-2\2'-d if I uoro-3',5'-di-0- benzoyl- D-ribofuranosyl )-4-amino- 
pyrimidin-2-one with the potassium salt of trif luoromethanesulfonic acid 

5 

2-deoxy-2,2-difluoro-D-ribofuranosyl-3,6-dibenzoyl-1-a-nnethanesulfonate (2.3 g) was reacted with bis- 
trimethylsilyicytosine (16.1 g, 12.6 eq.) prepared as described in Example 19 in propionitrile (8.0 ml) at 90^C 
and in the presence of the potassium salt of trif luoromethanesulfonic acid (prepared in-situ by treating trif luor- 
omethanesulfonic acid (0.26 ml) with potassium carbonate (1 .0 g)) for21 hours. HPLC analysis confirmed com- 
10 pletion of the reaction. The beta to alpha anomer ratio of the titled compound was 6.7:1 . 

To extract the nucleoside product, the reaction mixture was cooled between 70X and 80°C and combined 
with 40 ml of 4 N hydrochloric acid. The product precipitated, was filtered, and dried. A quantitative HPLC ana- 
lysis Indicated an isolated yield of 59.3 percent 

IS Comparative Example 28 

Preparation of beta-anomer enriched 1-(2'deoxy-2',2 -difluoro-3\5'-di-0-ben2oyI-D-ribofuranosyI)-4-amino- 
pyrimidin-2-one without a catalyst 

20 2-deoxy-2,2-difluoro-D-ribofiiranosyl-3,5-dibenzoyl-1-a-methanesulfonate (1.15 g) was reacted with bis- 

trimethylsilylcytosine (6.09 g, 10 eq.) prepared as described in Example 19 in anisole (4 ml) at 110°C for 20 
hours. HPLC analysis confirmed completion of the reaction and indicated an in-situ yield of 77 percent. The 
beta to alpha anomer ratio of the titled compound was 3.4:1. 

25 Comparative Example 29 

Preparation of beta-anomer enriched 1-(2*deoxy-Z,2'-d if I uoro-3*,5'-di-0- benzoyl- D-ribof uranosyl)-4-amino- 
pyrimidin-2-one without a catalyst 

30 2-deoxy-2,2-difIuoro-D-ribofuranosyl-3.5-dibenzoyl-1-a-methanesulfonate (1.15 g) was reacted with bis- 

trimethylsilylcytosine (6.08 g, 10 eq.) prepared as described in Example 19 in propionitrile (4 ml) at 85°C in 
the presence of the cesium salt of trif luoromethanesulfonic acid (prepared in-situ by treating trif luorometha- 
nesulfonic acid (0.13 ml) with excess cesium carbonate) for 20 hours. HPLC analysis confirmed completion 
of the reaction and indicated an in-sItu yield of 70 percent The beta to alpha anomer ratio of the titled compound 

35 was 6.7:1. 

Example 30 

Preparation of beta-anomer enriched 9-[1-(2'-deoxy-2'.2'-difluoro-3',5*-di-0-benzoyl-D-ribofijranosyl)]-2,6- 
40 dipivaloylaminopurine with 2 equivalents of 2.6-dipivalamidoaminopurine potassium salt 

To 100 mg of 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoate were added 1 ml of dichloromethane 
and 0.036 ml of triethyiamine. This solution was stirred at 23*»C for 15 minutes, cooled to -40°C and reacted 
with 0.045 ml of trif luoromethanesulfonic anhydride to form alpha-anomer enriched 2-deoxy-2.2- difluoro-D- 

45 ribofuranosyl-3.5-dibenzoyl-1-trifluoromethanesulfonate in solution. 

A 185 mg suspension of 2,6-dipivalamidoaminopurine was prepared in 1.5 ml of acetonitrile and maintained 
anhydrous under a nitrogen atmosphere. 65 mg of potassium t-butoxide were added to the suspension and 
the resulting mixture was stirred at 23*'C for 1 0 minutes to form a 2.6-dipivalamidoaminopurine potassium salt 
The salt was cooled, to 0°C and reacted with the alpha-anomer enriched 2-deoxy-2,2-dlf luoro-D-ribofuranosyl- 

50 3.5-dibenzoyl-1-trifluoromethanesuifonate solution, stirred for 1 hour and warmed to 22°C to form the titJed 
blocked nucleoside which was confirmed by HPLC analysis. The beta to alpha anomeric ratio of the blocked 
nucleoside was 2:1. 

To extract the nucleoside product from the reaction mbcture, 25 ml of ethyl acetate, 1 ml of water, 1 ml of 
1 N hydrochloric acid and 2 ml of a saturated aqueous sodium chloride solution were added. The organic layer 
55 was separated, washed with 5 ml of saturated aqueous sodium bicarbonate solution, 5 ml of brine and dried 
over magnesium sulfate. A quantitative HPLC analysis revealed a combined yield of blocked beta- and alpha- 
anomer nucleoside of 42 percent. 


26 


> 0577303A1J_> 


EP 0 577 303 A1 


Example 31 

Preparation of beta-anomer enriched 9-[1-(2'-deoxy-2\2'-difluoro-3\5'-dl-0-ben2oyl-D-ribofijranosyl)]-2,6- 
dipivaiamidoaminopurine with 2 equivalents of 2,6-dipivalamidoaminopurine potassium salt 

To 1 g of 2-deoxy-2,2-dif luoro-D-ribofuranosyl-3,5-diben2oate was added 0.55 ml of triethylamine and 8.33 
ml of dichloromethane at 23°C. The mixture was cooled to -78**C and reacted with 0.53 ml of trifluorometha- 
nesulfonlc anhydride in 0.50 ml of dichloromethane to form alpha-anomer enriched 2-deoxy-2,2-difluoro-D- 
ribofuranosyl-3,5-dlbenzoate-1-trifluoromethanesulfate in solution. Care was taken to maintain the tempera- 
te ture of the reaction mixture below -65°C. 

A 1 .85 g suspension of 2,6-dipivalamidoaminopurine was prepared in 30 ml of acetonitrile and maintained 
anhydrous under a nitrogen atmosphere. 651 mg of potassium t-butoxide were added to the suspension and 
the resulting mixture stirred at 23**C for 1 5 minutes to form a 2.6-dipivalamidoaminopurine potassium salt The 
salt suspension was added to 20 ml of dry dichloromethane, cooled to O^^C and reacted with the alpha-anomer 
15 enriched 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoyl-1-trlfluoromethanesulfonate solution, stirred for 
1 hour and warmed to 23*^0 to form the titled blocked nucleoside which was confirmed by HPLC analysis. The 
beta to alpha anomeric ratio of the blocked nucleoside was 2:1. 

To extract the nucleoside product from the reaction mixture. 50 ml of ethyl acetate and 50 ml of 1 N hy- 
drochloric acid were added. The organic layer was separated and washed with 50 ml of 5% sodium bicarbonate. 
20 The organic layer was separated and washed with 50 ml of saturated aqueous sodium chloride and dried over 
magnesium sulfate. 

Example 32 

25 Preparation of beta-anomer enriched 9-[1-(2'-deoxy-2*,2*-dif luoro-3*,5*-dl-0-benzoyl-D-ribofuranosyl)]-6- 
chloropurine with 2 equivalents of 6-chloropurine potassium salt 

To 1.4 g of 2-deoxy-2,2-difluoro-D- ribofuranosyl-3.5-diben2oate were added 14 ml of dichloromethane 
and 0.515 ml of triethylamine. This solution was stirred at 23**C for 15 minutes, cooled to -40°C and reacted 

30 with 0.621 ml of trif luoromethanesulfonic anhydride to form alpha-anomer enriched 2-deoxy-2.2-difluoro-D- 
ribofuranosyl-3,5-dibenzoyl-1-trifluoromethanesulfonate in solution. 

A 155 mg suspension of 6-chloropurine was prepared in 3 ml of acetonitrile and maintained anhydrous un- 
der a nitrogen atmosphere. 130 mg of potassium t-butoxide were added to the suspension and the resulting 
mixture was stirred at 23*^0 for 10 minutes to form a 6-chloropurine potassium salt. The salt suspension was 

35 cooled to 0**C and reacted with 2 ml of the alpha-anomer enriched 2-deoxy-2,2-dif luoro-D-ribofuranosyl-3,5- 
dibenzoyl-l-trifluoromethanesulfonate solution, stirred for 1 hour and warmed to 22**C to form the titled 
blocked nucleoside which was confirmed by HPLC analysis. The beta to alpha anomeric ratio of the blocked 
nucleoside was 2:1. 

To extract the nucleoside product from the reaction mixture. 25 ml of ethyl acetate. 1 ml of water. 1 ml of 
40 1 N hydrochloric acid and 2 ml of a saturated aqueous sodium chloride solution were added. The organic layer 
was separated, washed with 5 ml of saturated aqueous sodium bicarbonate solution and 5 ml of brine and dried 
over magnesium sulfate. A quantitative HPLC analysis revealed a yield of blocked beta-anomer nucleoside of 
27 percent. 

45 Example 33 

Preparation of beta-anomer enriched 9-[1-(2*-deoxy-2\2'-difluoro-3',5 -dl-0-benzoyi-D-ribofuranosyl)]-2.6- 
dichloro-3-deazapurine with 2 equivalents of 2,6-dichloro-3-deazapurine potassium salt 

50 To 1 .4 g of 2-deoxy-2,2-dlfluoro-D-ribofuranosyl-3.5-dibenzoate were added 14 ml of dichloromethane and 

0.515 ml of triethylamine. This solution was stirred at 23**C for 15 minutes, cooled to -40**C and reacted with 
0.621 ml of trif luoromethanesulfonic anhydride to form alpha-anomer enriched 2-deoxy-2,2-dif luoro-D-ribofur- 
anosyl-3,5-dibenzoyl-1-trifluoromethanesulfonate in solution. 

A 82 mg suspension of 2,6-dichloro-3-deazapurine was prepared in 1 .5 ml of acetonitrile and maintained 

55 anhydrous under a nitrogen atmosphere. 49 mg of potassium t-butoxide were added to the suspension and 
the resulting mixture was stirred at 23*'C for 10 minutes to form a 2.6-dlchloro-3-deazapurine potassium salt. 
The salt suspension was cooled to OX and reacted with the alpha-anomer enriched 2-deoxy-2.2-difluoro-D- 
ribofuranosyl-3,5-dibenzoyl-1-trifluoromethanesulfonate solution, stirred for 1 hour and warmed to 20'*C to 
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form the titled blocked nucleoside which was confirmed by HPLC analysis. The beta to alpha anomeric ratio 
of the blocked nucleoside was 2.5:1. 

To extract the nucleoside product from the reaction mixture, 25 ml of ethyl acetate. 1 ml of water, 1 ml of 
1 N hydrochloric acid and 2 ml of a saturated aqueous sodium chloride solution were added. The organic layer 
5 was separated, washed with 5 ml of saturated aqueous sodium bicarbonate solution and 5 ml of brine and dried 
over magnesium sulfate. A quantitative HPLC analysis revealed a combined yield of blocked beta-anomer nu- 
cleoside of 21 percent, mp 127^C-129°C. 

Example 34 

10 

Preparation of beta-anomer enriched 9-[1-(2'-deoxy-2',2*-difluoro-3',5'-di-0-benzoyl-D-ribofuranosyl)]-2,6- 
dichloropurine with 2 equivalent of 2, 6-dichloro purine potassium salt 

To 1.4 g of 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoate were added 14 ml of dichloromethane and 
15 0.515 ml of triethylamine. This solution was stirred at 23*=*C for 15 minutes then cooled to -40**C and reacted 
with 0.621 ml of trifluoromethanesulfonic anhydride to form alpha-anomer enriched 2-deoxy-2,2-difluoro-D- 
ribofiiranosyl-3,5-dibenzoyl-1-trifluoromethanesulfonate in solution. 

A 220 mg suspension of 2,6-dichloropurine was prepared in 3 ml of acetonitrile and maintained anhydrous 
under a nitrogen atmosphere. 1 30 mg of potassium t-butoxide were added and the resulting mixture was stirred 
20 at 23°C for 1 0 minutes to form a 2,6-dichloropurine potassium salt. The salt suspension was cooled to 0°C and 
reacted with the alpha-anomer enriched 2-deoxy-2,2-difluoro-D-rlbofuranosy!-3,5-dibenzoyl-1-trif luorometha- 
nesulfonate solution, stirred for 1 hour and warmed to 22''C to form the titled blocked nucleoside which was 
confirmed by HPLC analysis. The beta to alpha anomeric ratio of the blocked nucleoside was 2.5:1. 

To extract the nucleoside product from the reaction mixture, 25 ml of ethyl acetate, 1 ml of water, 1 ml of 
25 1 N hydrochloric acid and 2 ml of a saturated aqueous sodium chloride solution were added. The organic layer 
was separated, washed with 5 ml of saturated aqueous sodium bicarbonate solution, 5 ml of brine and dried 
over magnesium sulfate. A quantitative HPLC analysis revealed a yield of blocked beta-anomer nucleoside of 
22 percent. 

30 Example 35 

Preparation of beta-anomer enriched 1-[1-(2'-deoxy-2',2'-difluoro-3\5'-di-0-benzoyl-D-ribofijranosyl)]-3-car- 
boethoxy-1,2,4-triazole with 2 equivalents of 3-carboethoxy-1,2,4-triazole potassium salt 

35 To 1 .4 g of 2-deoxy-2,2-dif luoro-D-ribofijranosyl-3,5-dibenzoate were added 14 ml of dichloromethane and 

0.515 ml of triethylamine. This solution was stirred at 23°C for 15 minutes, cooled to -40*'C and reacted with 
0.621 mi of trifluoromethanesulfonic anhydride to form alpha-anomer enriched 2-deoxy-2,2-drfluoro-D-ribofur- 
anosyl-3,5-dibenzoyl-1-trifluoromethanesulfonate in solution. 

A 164 mg suspension of triazole ester was prepared in 3 ml of acetonitrile and maintained anhydrous under 

40 a nitrogen atmosphere. 131 mg of potassium t-butoxide were added and the resulting mixture was stirred at 
23°C for 10 minutes to form a 3-carboethoxy-1,2.4-triazole potassium salt. The salt suspension was cooled to 
0°C and reacted with 2 ml of the alpha-anomer enriched 2-deoxy-2,2-difluoro-D-ribofuranosyl-3.5-dibenzoyl- 
1-trifluoromethanesulfonate solution, stirred for 40 minutes and warmed to 15'^C to form the titled blocked nu- 
cleoside which was confirmed by HPLC analysis. The beta to alpha anomeric ratio of the blocked nucleoside 

45 was 2.5:1. 

To extract the nucleoside product from the reaction mixture. 25 ml of ethyl acetate, 1 ml of water, 1 ml of 
1 N hydrochloric acid and 2 ml of a saturated aqueous sodium chloride solution were added. The organic layer 
was separated, washed with 5 ml of saturated aqueous sodium bicarbonate solution. 5 ml of brine and dried 
over magnesium sulfate. A quantitative HPLC analysis revealed a yield of blocked beta-anomer nucleoside of 
50 14 percent 

Example 36 

Preparation of beta-anomer enriched 9-[1-(2'-deoxy-2'.2'-difluoro-3\5*-di-0-benzoyl-D-ribofijranosyl)]-2- 
55 amino-6-chloropurine with 2 equivalents of 2-amlno-6- chloropurine potassium salt 

To 1.4 g of 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoate were added 14 ml of dichloromethane and 
0.515 nrd of triethylamine. This solution was stirred at 23°Cfor 15 minutes, cooled to -40**C and reacted with 
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0.621 ml of trifluoromethanesulfonic anhydride to form alpha-anomer enriched 2-deoxy-2.2-dffluoro-D-ribofur- 
anosyl-3,5-dibenzoyl-1-trifluoromethanesulfonate in solution. 

A 1 97 mg suspension of 2-amino-6-chloropurine was prepared in 3 ml of acetonitrile and maintained an- 
hydrous under a nitrogen atmosphere. 130 mg of potassium t-butoxide were added and the resulting mixture 
5 was stirred at 23**C for 10 minutes to form a 2-amino-6-chloropurine potassium salt. The salt suspension was 
cooled to 0*=*C and reacted with 2 ml of the alpha-anomer enriched 2-deoxy-2.2-difluoro-D-ribofuranosyi-3.5- 
dibenzoyl-1-trrfluoromethanesulfonate solution, stirred for 1 hour and warmed to 22**C to form the titled 
blocked nucleoside which was confirmed by HPLC analyses. The beta to alpha anomeric ratio of the blocked 
nucleoside was 2: 1 . 

10 To extract the nucleoside product from the reaction mixture, 100 ml of ethyl acetate, 10 ml of water were 

added and a precipitate formed. The precipitate was filtered off, washed with 5 ml of saturated aqueous sodium 
bicarbonate solution, 5 ml of brine and dried over magnesium sulfate. A quantitative HPLC analysis revealed 
a yield of blocked beta-anomer nucleoside of 14 percent. 

15 Example 37 

Preparation of beta-anomer enriched 9-[1-(2'-deoxy-2'.2'-difiuoro-3\5*-dl-0-ben2oyl-D-ribofuranosyl)]-2,6- 
dipivalamidoaminopurine with 2 equivalents of 2.6-dipivalamidoaminopurine potassium salt 

20 To 3.78 g of 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoate were added 30 ml of dichloromethane 

and 1.39 ml of triethyiamine. This solution was stirred at 23**C for 15 minutes, cooled to -40°C and reacted 
with 1 .68 ml of trifluoromethanesulfonic anhydride to form alpha-anomer enriched 2-deoxy-2,2-difluoro-D-ri- 
bofuranosyl-3,6-dibenzoyi-1-trifluoromethanesulfonate in solution. 

A 6.99 g suspension of 2,6-dipivalamidoamlnopurine was prepared in 100 ml of acetonitrile and maintained 

25 anhydrous under a nitrogen atmosphere. 2.46 g of potassium t-butoxide were added and the resulting mixture 
was stirred at 23^*0 for 1 0 minutes and dried to constant weight in vacuo at 40*^0 to form a 2,6-dipivalamidoa- 
minopurine potassium salt. The salt suspension was added to 100 ml dichloromethane, cooled to 0°C and re- 
acted with the alpha-anomer enriched 2-deoxy-2,2-difluoro-D-ribofuranosyi-3,5-dibenzoyl-1-trifluorometha- 
nesulfonate solution, stirred for 1 hour and warmed to 22**C to form the titled blocked nucleoside which was 

30 confirmed by HPLC analysis. 

To extract the nucleoside product from the reaction mixture, 500 ml of ethyl acetate, 20 ml of ice. 20 ml of 
1 N hydrochloric acid and 35 ml of a saturated aqueous sodium chloride solution were added. The organic layer 
was separated, washed with 25 ml of saturated aqueous sodium bicarbonate solution, 25 ml of brine and dried 
over magnesium sulfate. The beta to alpha anomeric ratio of the blocked nucleoside was 1.8:1. Aquantitative 

35 HPLC analysis revealed a yield of blocked beta-anomer nucleoside of 28 percent, mp 238°C-239°C. 

Example 38 

Preparation of beta-anomer enriched 9-[1-(2'-deoxy-2',2*-difluoro-3',5'-di-0-ben2oyl-D-ribofuranosyl)]-6-piv- 
40 alamidoaminopurine with 2 equivalents of 6-pivalamidoaminopurine potassium salt 

To 1.4 g of 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoate were added 14 ml of dichloromethane and 
0.515 ml of triethyiamine. This solution was stirred at 23°C for 15 minutes, cooled to -40**C and reacted with 
0.621 ml of trifluoromethanesulfonic anhydride to form alpha-anomer enriched 2-deoxy-2,2-difluoro-D-ribofur- 

45 anosyl-3,5-dibenzoyl-1-trifluoromethanesulfonate in solution. 

A 255 mg suspension of 6-pivalamidoaminopurine was prepared in 3 ml of acetonitrile and maintained an- 
hydrous under a nitrogen atmosphere. 131 mg of potassium t-butoxide were added and the resulting mixture 
was stirred at 23*'C for 1 0 minutes to form a 6-pivalamidoaminopurine potassium salt The salt suspension was 
cooled to 0°C and reacted with the alpha-anomer enriched 2-deoxy-2.2-difiuoro-D-ribofuranosyi-3,5-diben- 

50 zoyl-1-trif luoromethanesulfonate solution, stirred for 1 hour and warmed to 22**C to form the titled trfocked nu- 
cleoside which was confirmed by HPLC analysis. The beta to alpha anomeric ratio of the blocked nucleoside 
was 2:1. 

To extract the nucleoside product from the reaction mixture, 25 ml of ethyl acetate, 1 ml of water, 1 ml of 
1 N hydrochloric acid and 2 ml of a saturated aqueous sodium chloride solution were added. The organic layer 
S5 was separated, washed with 5 ml of saturated aqueous sodium bicarbonate solution, 5 ml of brine and dried 
over magnesium sulfate. A quantitative HPLC analysis revealed a combined yield of blocked beta- and alpha- 
anomer nucleoside of 28 percent 
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Example 39 

Preparation of beta-anomer enriched 9-[1-(2*-deoxy-2'.2-difluoro-3\5'-di-0-ben2oy!-D-ribofuranosyl)]-8-bro- 
mo-7-cyano-7-dea2a-6-pivalamidopurine with 2 equivalents of 8-bromo-7-cyano-7-deaza-6-pivalamldopur- 
5 ine potassium salt 

To 1 .4 g of 2-deoxy-2.2-difluoro-D-ribofuranosyl-3.5-diben2oate were added 14 ml of dichloromethane and 
0.515 ml of triethylamine. This solution was stirred at 23*'C for 15 minutes, cooled to -40°C and reacted with 
0.621 ml of trifluoromethanesulfonic anhydride to form alpha-anomer enriched 2-deoxy-2,2-dffluoro-D-ribofur- 

10 anosyl-3,5-dibenzoyI-1-trifluoromethanesulfonate in solution. 

A suspension of 187 mg of 8-bromo-7-cyano-7-dea2a-6-p(valamidopurine was prepared in 3 ml of aceto- 
nitrlle and maintained anhydrous under a nitrogen atmosphere. 65 mg of potassium t-butoxide were added and 
the resulting mixture was stirred at 23°C for 10 minutes to form a 8-bromo-7-cyano-7-deaza-6-pivaloylamldo- 
purine potassium salt. The salt suspension was cooled to O^C and reacted with 1 ml of the alpha-anomer en- 

15 riched 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoyl-1-trifluoromethanesulfonate solution, stirred for 1 
hour and warmed to 20°C to formed the titled blocked nucleoside which was confirmed by HPLC analysis. 
The beta to alpha anomeric ratio of the blocked nucleoside was 2:1. 

To extract the nucleoside product from the reaction mixture, 25 ml of ethyl acetate, 1 ml of water, 1 ml of 
1 N hydrochloric acid and 2 ml of a saturated aqueous sodium chloride solution were added. The organic layer 

20 was separated, washed with 5 ml of saturated aqueous sodium bicarbonate solution, 5 ml of brine and dried 
over magnesium sulfate. A quantitative HPLC analysis revealed a combined yield of blocked beta- and alpha- 
anomer nucleoside of 24 percent. 

Example 40 

25 

Preparation of beta-anomer enriched 9-[1-(2'-deoxy-2'.2'-difluoro-3',5*-di-0-benzoyl-D-rit)ofuranosyl)]-2,6- 
dipivalamidoaminopurine with 2 equivalents of 2,6-dipivalamidoaminopurine potassium salt in various reac- 
tion solvents 

30 To 1 g of 2-deoxy-2,2-difIuoro-D-ribofuranosyl-3,5-dibenzoate was added 10 ml of dichloromethane and 

0.36 ml of triethylamine. This solution was stirred at 23**C for 15 minutes, cooled to -40°C and reacted with 
0.45 ml of trifluoromethanesulfonic anhydride to form alpha-anomer enriched 2-deoxy-2,2-difluoro-D-ribofijr- 
anosyl-3,5-dibenzoyl-1-trifluoromethanesulfonate in solution. 

A 1 .85 g suspension of 2,6-dipivalamidoaminopurine was prepared in 30 ml of acetonitrile and maintained 

35 anhydrous under a nitrogen atmosphere. 0.65 g of potassium t-butoxide were added and the resulting mixture 
was stirred at 25^C for 10 minutes to form a 2,6-dipivalamidoaminopurine potassium salt. The salt suspension 
was dried in vacuo at 40*^0 to form a white solid of constant weight. 207 mg of the purine salt was suspended 
in 1.5 ml of the solvent shown in Runs A-F In the table below, under nitrogen at 0°C and reacted with 1 ml of 
the alpha-anomer enriched 2-deoxy-2,2-difluoro-D-ribofuraosyl-3,5-dibenzoyl-1-trifluoromethanesulfonate 

40 solution, stirred for 1 hour and warmed to 0**C to form the titled blocked nucleoside which was confirmed by 
HPLC analysis. The beta to alpha anomeric ratios of the blocked nucleoside is shown below. 

To extract the nucleoside product from the reaction mixture, 25 ml of ethyl acetate, 1 ml of water, 1 ml of 
1 N hydrochloric acid and 2 ml of a saturated aqueous sodium chloride solution were added. The organic layer 
was separated, washed with 2 ml of saturated aqueous sodium bicarbonate solution, 5 ml of brine and dried 

45 over magnesium sulfate. A quantitative HPLC analysis revealed a yield of blocked beta-anomer nucleoside 
shown below: 
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RUN 

Solvent 

p/a Nucleoside Ratio 

p Yield (%) 

A 

Tetrahydrofuran 

1.3:1 

45 

B 

Toluene 

1.8:1 

49 

C 

Ethyl acetate 

1.6:1 

47 

D 

Dichloroethane 

2.1:1 

55 

E 

t-Butylalcohol 

3.5:1 

53 

F 

Acetonitrile 

1.6:1 

40 


Example 41 

15 

Preparation of beta-anomer enriched 9-[1-(2*-deoxy-2*,2'-difluoro-3*,5*-di-0-benzoyl-D-ribofuranosyl)]-2- 
acetamido-e-diphenylcartjamoyloxypurine with 2 equivalents of 2-acetamido-6-d i phenyl carbamoyloxy pur- 
ine potassium salt 

20 To 1.4 g of 2-deoxy-2,2-difluoro-D-rit>ofijranosyl-3,5-dibenzoate were added 14 ml of dichloromethane and 

0.515 ml of triethylamine. This solution was stirred at 23''C for 15 minutes, cooled to -40''C and reacted with 
0.621 ml of trifluoromethanesulfon lean hydride to form alpha-anomer enriched 2.2-drfluoro-2-deoxy-D-ribofur- 
anosyl-3.5-dibenzoyl-1-trifluoromethanesulfonate in solution. 

A solution of 2.56 g 2-acetamido-6-diphenylcarbamoy1oxypurine was prepared in 50 ml of hot dimethylfor- 

25 mamide and maintained anhydrous under a nitrogen atmosphere. The solution was cooled to 25*0 and 0.74 
g of potassium t-butoxide were added. The resulting mixture was stirred at 23^C for 1 0 minutes and evaporated 
to an oil which was triturated with ether, collected on a filter, and dried in vacuo at 40*^0 to form a 2-acetamido- 
6-dipheny1 carbamoyloxy purine potassium salt. 496 mg of the purine salt were suspended in 3 ml dichloro- 
methane, cooled to 5°C and reacted with the alpha-anomer enriched 2-deoxy-2,2-difluoro-[>-ribofuranosyl- 

30 3,5-diben2oyl-1-trifluoromethanesulfonate solution, stirred for 1 hour and warmed to 25^0 to form the titled 
blocked nucleoside which was confirmed by HPLC analysis. The beta to alpha anomeric ratio of the blocked 
nucleoside was 1.8:1. 

To extract the nucleoside product from the reaction mixture, 25 mt of ethyl acetate, 1 ml of water, 1 ml of 
1 N hydrochloric acid and 2 ml of a saturated aqueous sodium chloride solution were added. The organic layer 
35 was separated, washed with 5 ml of saturated aqueous sodium bicarbonate solution, 5 ml of brine and dried 
over magnesium sulfate. The yield of blocked beta-anomer nucleoside was 5.8 percent 

Example 42 

40 Preparation of beta-anomer enriched 9-[1-(2'-deoxy-2*,2'-drfluoro-3',5'-di-0-benzoy!-D-ribofijranosyl)]-2,6- 
dipivalamidoaminopurine with 7 equivalents of 2,6-dlpivalamidoaminopurine potassium salt 

To 100 mg of 2-deoxy-2,2-difluoro-D-rilx)furanosyl-3,5-dibenzoate were added 3 ml of dichloromethane 
and 0.036 ml of triethylamine. This solution was stirred at 23^C for 15 minutes, cooled to -78°C and reacted 
45 with 0.045 ml of trifluoromethanesulfonic anhydride to form alpha-anomer enriched 2-deoxy-2,2-difluoro-D- 
ribofijranosyl-3,5-dibenzoyl-1-trifluoromethanesulfonate in solution. 

A 1 .85 g suspension of 2,6-dipivalamidoamtnopurine was prepared in 30 ml of acetonitrile and maintained 
anhydrous under a nitrogen atmosphere. 0.65 g of potassium t-butoxide were added and the resulting mixture 
was stirred at 23''C for 1 0 minutes and dried in vacuo at 40''C to form a 2,6-dipivalamidoaminopurine potassium 
50 salt which was cooled to -78**C. The purine salt were reacted with the alpha-anomer enriched 2-deoxy-2,2- 
difluoro-D-ribofuranosyl-3,5-dibenzoyl-1-trifluoromethanesulfonate solution at23**C. stirred for 1.5 hours and 
warmed to 22*^0 to form the titled blocked nucleoside which was confirmed by HPLC analysis. 

To extract the nucleoside product from the reaction mixture, 25 ml of ethyl acetate, 1 ml of ice, 1 ml of 1 
N hydrochloric acid and 2 ml of a saturated aqueous sodium chloride solution were added. The organic layer 
55 was separated, washed with 5 ml of saturated aqueous sodium bicarbonate solution, 5 ml of brine and dried 
over magnesium sulfate. The beta to alpha anomeric ratio of the blocked nucleoside was 2.7:1. 
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Example 43 

Preparation of beta-anomer enriched 1-(2'-deoxy-2',2'-difiuoro-3\5*-di-0-benzoyl-D-ribofuranosyl)-4-amlno- 
pyrimidin-2-one with 3 equivalents of bis-trimethylsilylcytosine 

Bis-trimethyisilylcytosine was prepared by combining 292 nng of cytosine with 2 ml of hexamethyldisila- 
zane, 11 mg of amnnonium sulfate and 5 ml of xylenes and refluxing the solution for one hour to form a homo- 
genous solution. The excess xylenes and hexamethyldisilazane were removed leaving behind a molten residue 
of bis-trimethylsilylcytosine. 400 mg of 2-deoxy-2.2-difluoro-D-ribofijranosyl-3,5-diben2oyl-1-a -methanesul- 
fonate, dissolved in 2 ml of xylenes, were added to the molten bis-trimethylsilylcytosine and the xylenes were 
removed. The temperature of the reaction mixture was maintained at 160**C for 15 minutes. HPLC analysis 
confirmed completion of the reaction. The alpha to beta anomeric ratio of blocked nucleoside product was 1:1 .3. 

To extract the nucleoside product, the reaction mixture was cooled, diluted in 50 ml of ethyl acetate and 
washed with 50 ml of 1 N hydrochloric acid. 

Example 44 

Preparation of beta-anomer enriched 1-(2'-deoxy-2',2'-d if I uoro-3\5'-di-0- benzoyl -D-ribofuranosyl)-4-keto- 
pyrimidin-2-one with 3 equivalents of bis-trimethylsilyluracii 

Bis-trimethylsilyluracil was prepared by combining 295 mg of uracil with 5 ml of hexamethyldisilazane, 11 
mg of amrrionium sulfate and 1 0 ml of 1 ,2-dichloroethane. The solution was heated to 110*^0 for one hour to 
form a homogenous solution and the excess xylenes and hexamethyldisilazane were removed to form molten 
bis-trimethylsilyluracii. 200 mg of 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoyt-1-a -methanesulfonate 
were added to the molten bis-trimethylsilyluracil. The temperature of the reaction mixture was maintained at 
150*^0 for 2 hours. HPLC analysis confirmed completion of the reaction. The alpha to beta anomeric ratio of 
blocked nucleoside product was 1:1.8. 

To extract the nucleoside product, the reaction mixture was cooled, diluted in 50 ml of ethyl acetate and 
washed with 50 ml of 1 N hydrochloric acid. 

Example 45 

Preparation of beta-anomer enriched 1-(2'-deoxy-2',2'-difluoro-3',5'-di-0-benzoyl-D-ribofuranosyl)-4-amino- 
pyrimidin-2-one with 10 equivalents of bis-trimethylsilylcytosine 

To 1.12 g of molten bis-trimethylsilylcytosine were added 200 mg of 2-deoxy-2,2-difluoro-D-ribofuranosyl- 
3,5-diben2oyl-1-a-methanesulfonate. The temperature of the reaction mixture was maintained at 130°C for 1 
hour. HPLC analysis confirmed completion of the reaction. The anomeric ratra of the blocked nucleoside prod- 
uct was 1 .7:1 beta to alpha. 

To extract the nucleoside product, the reaction mixture was diluted with 100 ml ethyl acetate and washed 
with 100 ml of 1 N hydrochloric acid. A quantitative HPLC analysis of the organic layer indicated that the yield 
of blocked beta-anomer nucleoside was 50 percent. 

Example 46 

Preparation of beta-anomer enriched 1-(2*-deoxy-2\2'-difluoro-3\5*-di-0-benzoyl-D-ribofuranosyl)-4-aceta- 
midopyrimidin-2-one with 3 equivalents of bis-trimethylsilyi-N-acetylcytosine 

To 500 mg of bis-trimethylsilyl-N-acetylcytosine were added 980 mg of 2-deoxy-2,2-difluoro-D-ribofura- 
nosyl-3,5-dibenzoyl-1-a-methanesulfonate. The temperature of the reaction mixture was maintained at 108°C 
for 3 hours. HPLC analysis confirmed completion of the reaction. The beta to alpha anomeric ratio of the 
blocked nucleoside product was 1.4:1. 

To extract the nucleoside product, the reaction mixture was cooled, diluted with 25 ml ethyl acetate and 
washed with 25 ml of 1 N hydrochloric acid. The aqueous layer was washed with 30 ml of ethyl acetate. Aquan- 
titative HPLC analysis of the ethyl acetate layer indicated that the yield of blocked beta-anomer nucleoside 
was 34 percent 


32 


EP 0 577 303 A1 


Example 47 

Preparation of beta-anomer enriched 1-(2*-deoxy-2\2*-difluoro-3\5*-di-0-benzoyl-D-ribofuranosyl)-4-aceta- 
midopyridin-2-one with 3 equivalents of bis-trimethylsilyl-N-acetylcytosine 

5 

To 393 mg of molten bis-trimethylsilyl-N-acetylcytoslne were added 200 mg of 2-deoxy-2.2-difluoro-D-ri- 
bofuranosyl-3,5-dibenzoyi-1-a-methanesulfonate. The temperature of the reaction mixture was maintained at 
110X for 1 hour. The beta to alpha anomeric ratio of the blocked nucleoside product was 2.3:1 . 

To extract the nucleoside product, the reaction mixture was diluted with 40 ml ethyl acetate and washed 
10 with 25 ml of 1 N hydrochloric acid. A quantitative HPLC analysis of the organic layer indicated that the yield 
of beta-anomer nucleoside was 27 percent. 

Example 48 

IS Preparation of beta-anomer enriched 1-(2*-deoxy-2*,2'-difluoro-3',5'-di-0-benzoyl-D-ribofuranosyl)-4-amino- 
pyrimidin-2-one with 20 equivalents of bis-trimethylsilylcytosine 

BIs-trimethylsilylcytoslne was prepared by combining 4.9 g of cytosine with 90 ml of hexamethytdisilazane, 
581 mg of ammonium sulfate and 2 ml of xylenes and heating the solution for two hours to form a homogenous 

20 solution. The excess hexamethyldisilazane was removed and a white residue formed. 1 g of 2-deoxy-2,2-di- 
f luoro-D-ribofuranosyl-3,5-dibenzoyl-1-a -methanesulfonate, dissolved in 5 ml of acetonitrile, was added to the 
bis-trimethyisilylcytosine solution and the acetonitrile removed. The temperature of the reaction mixture was 
maintained at 1 SO^'C under vacuum for 1 hour. HPLC analysis confirmed completion of the reaction. The beta 
to alpha anomeric ratio of the blocked nucleoside product was 3.9:1. 

25 To extract the nucleoside product, the reaction mixture was diluted with 100 ml dichloromethane and wash- 

ed sequentially with 100 ml of 1 N hydrochloric acid and 200 ml of 5% sodium bicarbonate followed by 200 ml 
of saturated sodium chloride. The organic layer was dried over magnesium sulfate, filtered and evaporated to 
1.03 g of a yellow solid. A quantitative HPLC analysis indicated that the yield of beta-anomer nucleoside was 
43 percent. 

30 The following Table shows how the carbohydrate selected, reaction temperature and molar equivalents of 

nudeobase effect the yield and anomeric ratio of the nucleoside product. 


Table 


35 

Carbo. 

Base (R') 

Base (R') Equiv. 

Temp. 

a/p Nucleoside Ratio 

Yield 


1:1 a:p-OMs 

Cytosine 

1.5 

130°C 

3:1 

N/D 


a-OMs 

Cytosine 

3.0 

160°C 

1:1.3 

N/D 

40 

a-OMs 

Cytosine 

10.0 

130*=*C 

1:1.7 

50% p 


a-OMs 

Uracil 

3.0 

160°C 

1:1.8 

N/D 


a-OMs 

N-Acetyl-Cytosine 

3.0 

115"^C 

1:1.4 

34% p 

45 

a-OMs 

N-Acetyl-cytosine 

3.0 

IIO^C 

1:2.3 

27% p 


a-OMs 

Cytosine 

20.0 

130°C 

1:4 

43% p 


50 


55 
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(N/D) means not determined. The carbohydrates (carbo.) are hydroxy protected, a - or p -OMs is alpha- or 
beta-2,2-difluoro-2-deoxy-D-ribofuranosyl-3,5-dibenzoyl-1-methanesulfonate and p -or a -OTs is beta- or al- 
pha- 2,2-difiuoro-2-deoxy-D-ribofuranosyl-3,5-diben2oyl-1-to!uenesulfonate. The yields are based on the to- 
tal amount of carbohydrate and were calculated from a quantitative reverse phase HPLC analysis, wherein 
the corresponding solution product peak was compared with a standard, 1-(2'-deoxy-2',2'-difluoro-3',5'-di- 
0-benzoyl-beta-D-ribofuranosyl)-4-aminopyrlmidin-2-one. The nucleoside base protecting group in each ex- 
ample is trimethylsilyl. 

Example 49 

Preparation of beta-anomer enriched 1-(2'-deoxy-2\2 -difluoro-3',5'-di-0-benzoyl-D-ribofuranosyl)-4-pivaIa- 
midopyrimid-2-one in acetonltrile 

N-pivalamidocytosine (1 .0 g. 5.5 mmol) was suspended in acetonltrile (1 5.0 ml) and treated with potassium 
t-butoxide (0.062 g, 5.5 mmol) and stirred under a nitrogen atmosphere at 25*^0 to form the potassium salt of 
N-pivaloyI cytosine. 

2-deoxy-2.2-difluoro-D-ribofuranosyl-3,5-dibenzoyl-1-a-(p-bronrK)ben2ene)sulfonate (2.99 g. 5.0 mmol). 
in acetonltrile (10.0 ml), was added to the above salt and the entire mixture was reacted for 5.5 hours at 65^C 
to form a blocked nucleoside. HPLC analysis confirmed completion of the reaction and indicated a beta to alpha 
anomeric ratio of 3.9:1. 

To isolate the nucleoside product, the reaction mixture was distributed between with ethyl acetate and wa- 
ter and the organic layer was washed wit h sodium bicarbonate and dried over magnesium sulfate. Column chro- 
matography (silica gel. toluene/ethyl acetate 6:4) gave 0.700 g of the titled product at a yield of 20 percent; 
m.p. 191*C-193*'C. 

Example 50 

Preparation of beta-anomer enriched 1-(2'-deoxy-2*,2*-difluoro-3*,5*-di-0-benzoyl-D-ribofuranosyl)-4-(N-piv- 
alamido)aminopyrimid-2-one in acetonltrile 

N-pivaiamidocytosine (0.098 g, 0.5 mmo!) was suspended in acetonltrile (1.5 ml) and treated with potas- 
sium t-tMjtoxIde (0.062 g, 0,55 mmol) and stirred under a nitrogen atmosphere at 25*'C to form the potassium 
salt of N-pivaloylcytoslne. 

2-deoxy-2,2-dif luoro-D-ribofuranosyl-3.5-dibenzoyl-1-a-iodide (0.244 g. 0.5 mnnol), in acetonitrlle (1 .5 ml), 
was added to the above salt and the entire mixture was reacted for 24 hours at eO^'C to form a blocked nu- 
cleoside. HPLC analysis confirmed completion of the reaction and indicated a beta to alpha anomeric ratio of 
1.13:1. 

Example 51 

Preparation of beta-anomer enriched 1-(2'-deoxy-2'.2*-difluoro-3',5'-di-0-benzoyl-D-ribofuranosyl)-1.2.4-tri- 
azole-S-carbonitrile in acetonltrile 

1.2,4-triazole-3-carbonitrile (0.101 g, 1.03 mmol) was suspended in acetonitrlle (10 ml) and treated with 
sodium hydride (0.0445 g. 1 .12 mmol) and stirred under a nitrogen atmosphere at 25°C to form the correspond- 
ing sodium salt of the triazole.2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-dibenzoyl-1-a-bromide (0.451 g. 1.02 
mmol), in acetonltrile (10 ml), was added to the above salt and the entire mixture was reacted for 78 hours at 
82°C to form a blocked nucleoside. HPLC analysis confirmed completion of the reaction and indicated a beta 
to alpha anomeric ratio of 1.2:1. 

To isolate the nucleoside product, the reaction mixture was evaporated to from an oily solid, diluted with 
ethyl acetate, washed with sodium bicarbonate and dried over magnesium sulfate and concentrated. The re- 
sidue crystallized from ethanol to give 30 mg of a titled product at a yield of 6 percent; m.p. 225^C-226**C, 
MS(FD) M/Z 455 (M+1) Elemental Analysis for C22H16F2N4O5: (Theoretical) C, 58.15; H, 3.55; N, 12.33; (Em- 
pirical) C, 58.36; H, 3.79; N, 12.10. 
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Example 52 

Preparation of beta-anomer enriched 1-(2'-deoxy-2\2 -difluoro-3*,5*-di-0-ben2oyl-D-ribofuranosy1)-1.2.4-tri- 
azole-3-carbonitrile in acetonitrile 

1,2,4-triazole-3-carbonitrile (0.272 g, 2.89 mmol) was suspended in acetonitrile (20 ml), treated with so- 
dium hydride (0.094 g. 2.7 mmol) and stirred under a nitrogen atmosphere at 25*C to form the sodium salt of 
the triazole. 

2-deoxy-2,2-difluoro-D-ribofuranosyl-3.5-dibenzoyl-1-a-iodide (0.941 g, 1.9 mmol). in acetonitrile (20 ml), 
10 was added to the above salt and the entire mixture was reacted for 48 hours at 82**C to form a blocked nu- 
cleoside. HPLC analysis confirmed completion of the reaction and indicated a beta to alpha anomeric ratio of 
3.5:1. 

To isolate the nucleoside product, the reaction mixture was evaporated to from an oily solid, diluted with 
ethyl acetate, washed with sodium bicarbonate, dried over magnesium sulfate and concentrated. The residue 
IS crystallized from ethanol to give 0.421 g of the titled product; m.p. 225X-226''C at a yield of 48 percent MS{FD) 
M/Z 455 (M+1) Elemental Analysis for C22H16F2N4O5: (Theoretical) C, 58.15; H. 3.55; N, 12.33; (Empirical) C. 
58.35; H. 3.65; N. 12.33. 

Example 53 

20 

Preparation of (9)regiolsomer-beta-anomer enriched 1-(2'-deoxy-2'.2'-difluoro-3\5'-di-0-benzoyl-D-ribofura- 
nosyl)-6-cyanopurine in N.N-dimethylacetamide 

6-cyanopurine (0.92 g, 6.35 mmol) was suspended in N.N-dimethylacetamlde (12 ml) and treated with so- 
25 dium hydride (0.396 g. 8.25 mmol) and stirred under a nitrogen atmosphere at 25°C to form the sodium salt 
of 6-cyanopurine. 

2-deoxy-2.2-difluoro-D-ribofuranosyl-3,5-dibenzoyl-1-a-lodide (3.09 g. 6.35 mmol), in N.N-dimethylace- 
tamide (4 ml), was added to the above salt and the entire mixture was reacted for 5 hours at 70''C to form a 
blocked nucleoside. HPLC analysis confirmed completion of the reaction and indicated a beta to alpha anome- 
30 ric ratio of 1.2:1. 

To isolate the nucleoside product, the reaction mixture was cooled, the solvent removed under vacuum, 
the residue was dissolved in ethyl acetate, washed with a 0.2 M lithium chloride solution, dried over magnesium 
sulfate and concentrated. Column chromatography (silica gel, toluene/ethyi acetate 9:1) gave 0.21 g of the titled 
product at a yield of 6.5 percent MS(FD) 506 (M+1) Elemental Analysis for C25H17F2N5O5: (Theoretical) C. 
35 59.41; H. 3.39; N, 13.86; (Empirical) C, 59.85; H. 3.49; N, 13.48. 

Example 54 

Preparation of (9)regioisomer-beta-anomer enriched 1 -(2'-deoxy-2*.2*-d if luoro-3*.5*-d i-O- benzoyl- D-ribofura- 
40 nosyl)-2,6-(dipivalamido)diaminopurine in N,N-dimethylacetamide 

2,6-(dipivalamido)diaminopurine (0.159 g. 0.5 mmol) was suspended In N.N-dimethylacetamide (1.0 ml) 

and treated with potassium t-butoxide (0.062 g. 0.55 mmol) and stirred under a nitrogen atimosphere at 25**C 

to form the potassium salt of 2.6-(dipivaloyl)dlaminopurine. 
45 2-deoxy-2.2-difluoro-D-ribofuranosyl-3.5-dibenzoyl-1-a-{p-bromobenzene)sulfonate (0.299 g. 0.5 mmol). 

in N.N-dimethylacetamlde (0.5 ml), was added to the above salt and the entire mixture was reacted for 6 hours 

at 60**C to form a blocked nucleoside. HPLC analysis confirmed completion of the reaction and indicated a 

beta to alpha anomeric ratio of 1 .9:1 of the titied product 

To isolate the nucleoside product, the reaction mixture was cooled and the solvent removed under vacuum. 
50 The residue was diluted with ethyl acetate, washed with sodium bicarbonate, dried over magnesium sulfate 

and concentrated to an oil. Column chromatography (silica gel, toluene/ethyl acetate 1:1) gave 0.141 g of both 

alpha and beta nucleoside products at a yield of 28 percent MS(FD) 679 (M+1). 
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Example 55 

Preparation of (9)regioisomer-beta-anomer enriched 1-{2'-deoxy-2'.2'-difluoro-3',5*-di-0-benzoyl-D-ribofura- 
nosyl)-2,6-(dipivalamido)diaminopurine in acetonitrile 

5 

2,6-(dipivalamido)diaminopurine (0.159 g, 0.5 mmol) was suspended in acetonitrile (1.5 ml) and treated 
with potassium t-butoxide (0.062 g, 0.55 mmol) and stirred under a nitrogen atmosphere at 25''C to form the 
potassium salt of 2,6-(dipivalamido)diaminopurine. 

2-deoxy-2,2-difluoro-D-ribofuranosyl-3.5-dibenzoyl-1-a-iodide (0.244 g, 0.5 mnK)l), in acetonitrile (1.5 ml), 
10 was added to the above salt and the entire mixture was reacted for 16 hours at 60^*0 to form a blocked nu- 
cleoside. HPLC analyst confirmed completion of the reaction and indicated a beta to alpha anomeric ratio of 
2.2:1. 

To isolate the nucleoside product, the reaction mixture was diluted with ethyl acetate, the organic layer 
was washed with sodium bicarbonate, dried over magnesium sulfate separated and concentrated to an oil. Col- 
15 umn chromatography (silica gel, toluene/ethyl acetate 1:1) followed by recrystaliization gave 0.085 g of the 
titled product at a yield of 25 percent. MS(FD) 679 (M+1). 

Example 56 

20 Preparation of beta-anomer enriched 1-(2'-deoxy-2',2 -difluoro-3^5'-di-0-benzoyl-D-ribofu^anosyl)-4-(benzy- 
lammo)pyrimid-2-one in N,N-dimethylacetamide 

N-benzytcytosine (0.099 g, 0.493 mmol) was suspended in N,N-dimethylacetamtde (2.0 ml) and treated 
with sodium hydride (0.0256 g, 0.534 mmol) and stirred under a nitrogen atmosphere at 25''C to form the so- 
25 dium salt of N-benzylcytosine. 

2-deoxy-2.2-difluoro-D-ribofuranosyl-3,5-dibenzoyl-1-a-iodide (0.201 g, 0.411 mmol), in N,N-dimethyla- 
cetamide (1 .5 ml), was added to the above salt and the entire mixture was reacted for 5 hours at 23°C to form 
a blocked nucleoside. HPLC analysis confirmed completion of the reaction and indicated a beta to alpha 
anomeric ratio of 1.9:1. 

30 The reaction solvents were removed under vacuum and the residue was dissolved in ethyl acetate, washed 

with sodium bicarbonate, dried over magnesium sulfate and concentrated to an oil. Column chromatography 
(silica gel, toluene/ethyl acetate 9:1) gave 0.015 mg of the titled product at a yield of 6.5 percent MS(FD) 562 
(M+2). 

35 Example 57 

Preparation of beta-anomer enriched ethyl 1 -(2'-deoxy-2',2'-d if I uoro-3*,5'-di-0- benzoyl- D-ribofuranosyl )- 
1 ,2,4-triazole-3-carboxyiate in N,N-dimethylacetamide 

40 Ethyl 1 .2,4-triazole-3-carboxylate (0.723 g. 5.1 3 mmol) was suspended in N,N-dimethylacetamide (2.5 ml), 

treated with sodium hydride (0.123 g, 5.13 mmol) and stirred under a nitrogen atmosphere at 25°C to form the 
sodium salt of the triazote. 

2-deoxy-2,2-difluoro-D-riboftjranosyl-3,5-dtbenzoyl-1-a-iodide (2.0 g, 4.11 mmol), in N.N-dimethylaceta- 
mide (2.5 ml), was added to the above salt and the entire mixture was reacted for 24 hours at 23''C to form a 

45 blocked nucleoside. HPLC analysis confirmed completion of the reaction and indicated a beta to alpha anome- 
ric ratio of 3:1. 

The crude reaction mixture was purified by removing the solvent under reduced pressure and employing 
column chromatography (silica gel. toluene/ethyl acetate 9:1). The combined theoretical yield of alpha and beta 
regioisomers (A and B below) of blocked nucleosides was 67 percent. 
50 A. Ethyl 1-(2-deoxy-2*,2'-difluoro-3',5*-di-0-benzoyl-p -D-ribofuranosyl)-1,2,4-triazole-3-carboxylate 

(436 nr\g, 21.2 percent yield). 
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Recrystallization of "A" from ethyl acetate isooctane provided 267 mg of the pure p-anomer in 13% 
yield. 

B. Ethyl 1 -(2 -deoxy-2'.2'-dlf luoro-3'.5 -di-O-benzoyt-p -D-ribofuranosyl)-1 ,2.4-lriazole-5-carboxylate 
(655 mg, 41.5 percent yield). 



Example 58 

Preparation of beta-anomer enriched 2-deoxy-2,2-difluoro-D-ribofuranosyl-1-p-(2-amino-6-chloropurine) in 
d imet hyl acetam ide 

To a suspension of 2-amino-6-chloropurine (82.6 mmol. 14.0 g) in dimethylacetamide (900 ml) atO°C under 
nitrogen was added powdered potassium hydroxide (99.12 mmol, 5.55 g). The mixture was stinred for 30 min- 
utes to form a solution. 2-deoxy-2.2-difluoro-D-ribofuranosyl-3,5-dibenzoyl-1-a-iodide (82.6 mmol, 40.31 g) in 
dimethylacetamide (450 ml) was added. The reaction was allowed to warm to room temperature and stirred 
under nitrogen overnight 

The product was extracted by adding ethyl acetate and brine. The organic layer was washed successively 
with 1N HCI, saturated sodium bicarbonate solution, H2O, and brine. The organic layer was then dried over 
sodium sulfate and evaporated in vacuo. 

The crude product was purified with silica gel chromatography to yield a 3:1 beta to alpha anomer ratio of 
2-deoxy-2,2-difluoro-D-ribofuranosyt-3,5-dibenzoyl-1-(2-amino-6-chloropurine) NMR (300 MHz. CD3OD). 
64.68(m. 2H. 4*-H. 5'a-H). 4.90(m, 1H, 5'b-H). 6.02(m, 1H. 3'-H). 6.29 (m, 1H. r-H), 7.53(m. 6H. Bz), 7.92(s, 
1H, 8'-H), 8.05(m, 4H. Bz). 

The dibenzoyi intermediate (.49 mmol. 260 mg) was deprotected by suspending it in methanol at 0**C and 
saturating the mixture with anhydrous ammonia. The resulting solution was warmed to room temperature and 
stirred overnight. The solution was then purged with nitrogen and evaporated. The titled product was then puri- 
fied by washing with a non-polar solvent such as methylene chloride to remove the benzoate by products. The 
beta anomer was separated by reversed phase HPLC. NMR (300MHZ. CD3OD). d 3.90 (m. 3H, 4*-H.5*-H), 
4.58 (m, 1H. 3'-H). 6.27 (dd. 1H. V-H). 8.31 (s. 1H. 8-H). 
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Preparation 1 

Alpha-anomer enriched 2-deoxy-2,2-difluoro-D-ribofuranosyl-3,5-di-0-benzoyl-1-methanesuifonate 

5 To a solution of 2-deoxy-2,2-dif luore-D-ribofuranosyl-3.5-dibenzoate (40 nr^g) in CD2CI2 (0,5 ml) was added 

triethylamine (0.025 ml). After stirring at room temperature for 30 minutes the entire mixture was cooled to - 
78*'C then methanesulfonyl chloride (0.01 ml) was added. The reaction temperature was maintained between 
-78°C and -80°C for 30 minutes then warmed to room temperature. HPLC analysis indicated that the reaction 
was complete. The anomeric ratio of the titled compound, as determined by 1®F NMR analysis, was 4:1 alpha 

10 to beta. 

Preparation 2 

Alpha-anomer 2-deoxy-2,2-dlfluoro-D-ribofuranosyl-3,5-di-0-benzoyl-1-methanesulfonate 

15 

To a solution of 2-deoxy-2,2-dif luoro-D-rlbofuranosyi-3.5-dlbenzoate (60 g, 95% pure) in dichloromethane 
(600 ml) was added triethylamine (31.5 ml, 1.5 eq.). After stirring at room temperature for 30 minutes the mix- 
ture was cooled to -78''C. After 5 minutes, methanesulfonyl chloride (14 ml, 1.2 eq.) in dichloromethane (140 
ml) was added to the mixture. The reaction temperature was maintained between -78*'C and -80''C under ni- 

20 trogen for one hour. HPLC analysis indicated that the reaction was complete. The anomeric ratio of the titled 
compound, as determined by HPLC analysis, was 3.53:1 alpha to beta. 

To isolate the titled compound the reaction mixture was washed with water, 1 N HCI solution and 5% sodium 
bicarbonate solution (300 ml each). The organic layer was separated and dried over anhydrous magnesium 
sulfate. The titled compound (31.5 g) was obtained in a yield of 46 percent mp 88-89°C; [a]^ (c 1.01, CHCI3) 

25 +84.2"; [a]365nm +302.0^ Elemental Analysis; CaoHigOsSFz: (Calc.) C 52.63; H 3.98; F 8.33; S 7.02 (456.4) (Ac- 
tual): C 52.92; H 3.82; F 8.33; S 7.30 ; ^H NMR (CDCI3): 6= 3.17 (CH3), 4.66 and 4.76 (C-5H), 4.84 (C-4H), 
5.57 (C-3H), 6.13 (C-1H); ^^c NMR (CDCI3) : 6= 40.22 (CH3), 62.51 (C-5H), 71.03 (C-3H; = 18.3, 38.5 Hz), 
82.75 (C-4H), 99.59 (C-1H; Jo,f = 25.5. 48.3 Hz), 122.24 (C-2H; J^f = 259, 286 Hz). 

30 Preparation 3 

Alpha-anomer enriched 2-deoxy-2,2-dif I uoro-D-ribofuranosyl-3,5-di-0- benzoyl- 1 -me thanesulfonate 

To an anomeric mbcture of 2-deoxy-2,2-difluoro-D-ribofijranosyl-3,5-di-0-benzoyl-1-methanesulfonate 
35 (1 .0 g, 97% beta-anomer) in acetonitrile (10 ml) was added N,N-dlmethylbenzylammonium methanesulfonate 
(100 mg). The mixture was stirred and heated to reflux. HPLC analysis was used to determine the alpha to 
beta ratio of the titled product and provided the following: 


Time (hours) 

alpha/beta 

0 

1:32 

16 

1.0:1.4 

24 

2.3:1.0 


45 

Preparation 4 

Alpha-anomer enriched of 2-deoxy-2,2-d if I uoro-D-ribofuranosyl-3,5-di-0- be nzoyl-1 -methanesulfonate 

50 

To an anomeric mixture of 2-d eoxy-2 ,2-d if I uoro-D-ribofura nosy 1-3, 5-di-O- be nzoyl-1 -methanesulfonate 
(29.1 g. 50% beta-anomer) in dichloromethane and n-propyl acetate was heated to 90°C to remove the di- 
chloromethane. The mixture was cooled to 50''C-60''C and a mixture of triethylamine (5.33 ml, 0.55 eq) and 
methanesulfonic acid (2.04 ml, 0.55 eq.) in n-propyl acetate (2 ml) was added. The resulting mbcture was heated 
55 to 95*C-97*C and stirred. The mixture contained 23.2 g of 2-deoxy-2,2-dif luoro-D-ribofuranosyi-3,5-di-0-ben- 
zoyl-1-methanesulfonate. HPLC analysis was used to determine the alpha to beta ratio of the titled product 
and provided the following: 
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Time (hours) 

alpha/beta 

4 

3:1 


Claims 

1. A process for preparing a p anomer enriched nucleoside of the formula 


10 


15 


20 


HO. 


V4! - 


H 

HO T 

wherein T is selected from hydrogen or fluoro and R is a nudeobase selected from the group consisting 
of 


25 


30 


OH 


NH2 



CH=CHR3 


35 


40 


OH 



CH=:eHR3 N^^'^^^^^^^ 


N 


45 


SO 



Rl N 


K 



N 


55 
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OH 



10 


15 


20 




and 



25 


wherein is selected from the group consisting of hydrogen, alkyi, substituted alkyi and halo; R2 is se- 
lected from the group consisting of hydroxy, halo, azido, primary amino and secondary amino; R3 is se- 
lected from the group consisting of hydrogen, alkyI, and halo; R4, R5 and are independently selected 
from the group consisting of hydrogen, -OH, -NH2, N(alkyl), halo, alkoxy and thioalkyi; R7 is selected from 
the group consisting of hydrogen, halo, cyano, alkyl, alkoxy, alkoxycarbonyl, thioalkyi, thiocarboxamide 
and carboxamide; Q is selected from the group consisting of CH, CRg, and N; wherein Rg is selected from 
the group consisting of halo, carboxamide, thiocarboxamide, alkoxycarbonyl, and nitrile comprising the 
Sn2 displacement of a sulfonyloxy group (Y) from an a anomer enriched carbohydrate of the formula 


30 


35 



(II) ; 


XO T 


40 wherein X is independently selected from hydroxy protecting groups and T is as defined above; with at 

least a molar equivalent of a nucleobase (R") selected from the group consisting of 


45 


50 


oz 


55 


40 
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10 


15 


20 


25 


30 



NHW 



NHW 


OZ 


X. 


■ CH=CHR- N ■ 


' CH=CHR3 


NHW 


W N 



and 


wherein Ri through Ry and Q are as defined above and; 2 is a hydroxy protecting group; W is an amino 
protecting group; and Is a cation; and deblocking to form the compound of the formula (I). 

2. The process of Claim 1 wherein R" is selected from the group consisting of 


35 


40 



OZ 


20 


WHN 



45 


50 



55 


42 


aNSnXDCID; <EP 0577303A1 I > 


EP 0 577 303 A1 


NHW OZ 



wherein Ri is selected from the group consisting of hydrogen, alkyl, substituted alkyl and halo; R3 is se- 
20 lected from the group consisting of hydrogen, alkyl. and halo; Z is a hydroxy protecting group; and W is 

an amino protecting group; wherein Y is selected from the group consisting of alkylsulfonyloxy, arylsulfo- 
nyloxy, substituted alkylsulfonyloxy and substituted arylsulfonyloxy; carried out in solution having a car- 
bohydrate concentration at>ove 20 percent; and wherein the solvent is a high boiling inert solvent 

25 3. The process of Claim 1 wherein R" is selected firom the group consisting of 



55 wherein Ri is selected from the group consisting of hydrogen, alkyl. substituted alkyl and halo; R2 is se- 

lected from the group consisting of hydroxy, halo, azido. primary amino and secondary amino; R3 is se- 
lected from the group consisting of hydrogen, alkyl. and halo; Z is a hydroxy protecting group and W is 
an amino protecting group; wherein Y is selected from the group consisting of trrf luoromethanesulfonyloxy. 

43 
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1 ,1 .1 -trif luoroethanesulfonyloxy. octaf luorobutanesulfonyloxy and nanof luorobutanesulfonyloxy; wherein 
the reaction is effected at a temperature fronn atK)ut -120**C to about 25°C using a low freezing inert sol- 
vent. 

The process of Claim 1 wherein R" is selected from the group consisting of 


OZ OZ 



wherein Ri is selected from the group consisting of hydrogen, alkyl, substituted alkyi and halo; R3 is se- 
lected from the group consisting of hydrogen, alkyl, and halo; Z is a hydroxy protecting group and W is 
an amino protecting group; carried out in the presence of a catalyst; wherein Y is selected from the group 
consisting of alkyl sulfonyloxy, arylsulfonyloxy, substituted alkylsulfonyloxy and substituted arylsulfony- 
loxy. 

The process of Claim 4 wherein the catalyst is selected from highly ionized salts that are substantially 
soluble in the solvent, and contain a non-nucleophilic anion. 

The process of Claims 4 or 5 wherein the solvent is selected from polar, non-nucleophilic solvents. 
The process of Claim 1 wherein R" is selected from the group consisting of 
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5 


10 


15 


20 


25 



wherein R2 is selected from the group consisting of hydroxy, halo, azido. prinnary amino and secondary 
amino; R3 is selected from the group consisting of hydrogen, alkyi, and halo; R4, R5 and Re are indepen- 
dently selected from the group consisting of hydrogen. -OZ. -NHW, N(aIkyl)W, halo, alkoxy, and thioalkyi; 
R7 is selected from the group consisting of hydrogen, halo, cyano, alkyI, alkoxy, alkoxycarbonyl, thioalkyi, 

35 thiocarboxamide and carboxamide; Q is selected from the group consisting of CH, CR^. and N; wherein 

Rs is selected from the group consisting of halo, carboxamide, thiocarboxamide. alkoxycarbonyl, and ni- 
trile, Z is a hydroxy protecting group; W is an amino protecting group; and is a cation; wherein Y is 
selected from the group consisting of trifluoromethanesulfonyloxy. 1,1,1-trifluoroethanesulfonytoxy, oc- 
tafluorobutanesulfonyloxy and nanofluorobutanesulfonyloxy; wherein the solvent is a low freezing inert 

40 solvent. 

8. The process of Claim 1 carried out in the absence of a solvent and wherein R" is selected from the group 
consisting of 

45 


OZ oz 


50 



55 


45 


EP 0 577 303 A1 



NHW 


10 


15 


NHW 



CH=CHR3 



CH=CHR3 


20 


25 


NHW 


ZO 


and 


OZ 


JCX>' 


wherein is selected from the group consisting of hydrogen, alkyl. substituted alkyi and halo; R3 is se- 
lected from the group consisting of hydrogen, alkyl, and halo; 2 is a hydroxy protecting group and W is 
30 an amino protecting group; wherein Y is selected from the group consisting of atkyfsulfonyloxy, aryisulfo- 

nyloxy, substituted alkylsulfonyloxy and substituted arylsulfonyloxy. 

9, The process of Claim 8 wherein the reaction temperature is from about 1 00°C to about 160*^0. 

35 "r^® process of Claim 1 wherein R" is selected from the group consisting of 


40 


OZ 


45 



WHN 


OZ 



NHW 


50 


55 
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MH2 


10 


15 



HO F 


12. A process according to any one of the preceeding claims wherein the blocking group p<) of the compound 
20 of formula (II) is benzoyl. 

13. A process according to any one of the preceeding clainns wherein the sulfonyloxy group (Y) of the conn- 
pound of formula (II) is methanesulfonyl. 
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NHW 


OZ 



CH=CHR3 



CH=CHR3 
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15 



20 


25 



ZO 




30 


35 


IXV- 


40 


and 



45 


50 


11. 


wherein is selected from the group consisting of hydrogen, alkyi, substituted alkyi and halo; R2 is se- 
lected from the group consisting of hydroxy, halo, azido, primary amino and secondary amino; R3 is se- 
lected from the group consisting of hydrogen, alkyi, and halo; R4, R5 and Re are independently selected 
from the group consisting of hydrogen, -OZ. -NHW, N(alkyl)W, halo, alkoxy. and thioalkyi; R7 is selected 
from the group consisting of hydrogen, halo, cyano, alkyi, alkoxy, alkoxycarbonyl, thioalkyi. thiocarboxa- 
mide and carboxamide; Q is selected from the group consisting of CH, CRg, and N; wherein Re is selected 
from the group consisting of halo, carboxamide, thbcarboxamide, alkoxycarbonyl, and nitrile, Z is a hy- 
droxy protecting group and W is an amino protecting group; wherein Y is selected from the group consisting 
of alkylsulfonyloxy, arylsulfonyloxy, substituted alkylsulfonyloxy and substituted arylsulfonyloxy. 

A process according to any one of the proceeding claims for preparing a compound of formula (I) having 
the structure 


55 
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